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Annual Report of tiik Geological Survey of India, and of the 
Geological Museum, Calcutta, for the year 1891. 

The year commenced with the following dispot^al of the ofllcers of the 
Survey: — Mr. Foote in ihc Cuddapah dihliitl of Madias; Mr. Hughes, with Dr. 
Waith, at the tin exploitation in 'renassciiin ; Mr. Grie.shach pioceeOing to join the 
Miian/ai Exjiedilion on the Roith "Vl'est Fionticrj Mr. CHdham, with Sub- 
Assistants 1 lira Lai and IGshcn Singh, at toal and oil in Baluchistan; Mr. Bose at 
coal and copper in the Darjiling District and Sikkhira ; Dr. Noctling at coal and* 
the demarcation of oil-fields in Upjwr Burma ; Mr. Middlemiss at coal in IJiizara, 
hut about to be attached as Geologist with the Black Mountain Exixjdtiion; Mr. 
Lafouchc at the exiiloitation of the Dallongunj coai-field in Bengal; and Mr. Datta 
at coal in Assam. 

Mr. Holland continued at head-quarters in charge of the Museum and Labora- 
tory, in wlndi last, besides the pj opcr rcseai ch work, consideiable endeavour was 
made to guide the abnormally speculative lush at a dexelopmcnt of the gold con- 
ditions of Chota Nagpur by numcious assays of reasonably authenticated samples 
of quaitz and other rocks sent to us for determination. 

It will thus be seen that the main force of the Dcpaitmcnt was devoted to economic 
mineral exploiatiou; though, as the last volume of the published rccordK will show, 
geological investigation was Kept, as much as possible, in paiallcl woikiiig. 


PENINSUI.AR INDIA. 

Mai)R\s Pric.sidkncy, — Mr. Foote's retiicincnt from the service at the end of 
September last has, Cor a season at least, dose<l the survey of the great metalliferous 
series ^Dharwars; of SouLlimu India; still, it is eminently satisfactory that, from an 

economic research point of view, my esteemed colleague 
tracl^'fi^d'shed closctl hi.H career afler a thoiough localization of all the 

impoitant aieas of gold and iron occurrence or produc- 
tion in Madras. 

The southerly cxiemsion of the Dharwars over the we.stern division of the Cud- 
daiiah district was surveyed during the Held season, without, however, any farther 
finds having been made of auriferous tracts in that direction. 

A 
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Just towards the end of the season, and in connection with his visit to tlic 
boring for artesian water now being carried out by the Rev. Supeiior of the 
Monastery at Place's Gardens, Kilacheri, Chingleput district, Mr, Foote rccoginVi'd 
indications in the ddbris from the bore-hole, which point to no less an important 

contingency than the existence of a coal-ficUt within 30 uiilcs 
Indications of possible Qf Madras. riitherto,wc have only been able tn rccogn i/e 

members of the upper division of the Goinhvana series in 
the cotmtry south of the Kistna river, though Mr. Foote has all along su.six'ctcil 
that a representative of the lower division, or proper coal-hearing series, might 
underlie the broad alluvial tract of the old Palar river. The boring has now 
disclosed the fact that the known strata of the locality, which show no trace ol 
carbon, are underlaid by black caibonaceous and bituminous clays, with associated 
grits and sandstones. So remarkable a diffci once between the two sets of stiaia 
can barely be considered as other than indicating a very decided variation of the 
circumstances and conditions of formation of the upper group from those prevailing 
during the deposition of the lower one — which circumstances and conditions, Mr. 
Foote is led to infer resembled those prevailing in the Lower Gonilwaiia times of the 
northern part of the peninsula; or, in other words, that there is heic hidden 
away below the Sripermatur beds of Madras a representative of the Indian coal- 


measures. 

It is understood that exploration, grounded on Mr, Foote's reading of the evi- 
dence brought to light, is about to be instituted under private enterprise, which, avS 
he still remains in India as Stale Geologist to the Baroda Government, will ha\e 
the advantage of his watchful advice in its progress. So far, the original boring 
has reached a depth of 307 feet, and is still in bituminous shale for 25 feet. 

Dr. Warth, on transfer from Burma, in August last, was appointed Olliciatiiig 
Superintendent of the Madras Museum ; and during his tenure of that ollice he 
will keep up a continuance of mineral economic enquiry for the Madras Govern- 
ment until the proper geological survey can be resumed. He has already in ihivS 
„ ,, line visited the steatite mines of BclumchcrIa,iiUho ICuriiool 

district, m company with me; and the tnica ininc.s in the 
Nellore district with Mr. Holland. The .steatite mine.s which had been tlyi hied 
on by us, and later on by experts in I.oiulon, as yielding the luist stone for the 
manufacture there of gas-burners, had been re ported by the local oHiciala oa in- 
capable of yielding blocks of the retiuired sample cube. We found that the thick- 
nesses of the beds ai'c, as a rule, loo small to allow of 6-inch cubes ; hut a.s there 


was some cause for assuming that the limit of cube laid down may have been 
settled at random, considering the small size of the gas-burners, it i.s po.s.sible that 
the 3 to 4-inch thickness of the “ bulpum ” beds may not, after trial of the stone 


sent to England, retard the development of this industry. In any case, a better 
system of mining than the grabbing work carried on at present will have to be 
adopted before satisfactory production can be relied on. The opening up of the 
„ . , , industry at Inakurti, m the Nellore district, is of the 

^bellotenuca eve op- importance and inlcicsl, as being, I undcr-stand, 

entirely the work of a private explorer and jirospeclor, 
Mr. Sargent; and because, where I, in my survey of the district some twenty 
years ago, only saw coarse and irregular crystalline masses of the mineral, the 



PART t.] 


Annual Report* 


3 


largest of which were 4 inches across, the new excavations have yielded great 
crystals, beautifully clear and without flaws, measuring a to 3 feet in diameter and 
thickness. Additional interest is also attached to this development, as Mr. Holland, 
in his inspection of the associated rocks, found a splendid specimen of apaiite, which, 
if his determination prove correct, is most important, considering the scarcity of that 
mineral and the rareness of phosphatic sources in India. 

Bengal Presidency. — The result of Mr. La Touche's examination of the 
Daltongunj coal-field by survey and by selection of sites for boring, some of which 
he carried out himself, is, that I have had to condemn the field in so far as its 
capabilities were expected to wanant the construction of a railway from Daltongunj 
Daitonjrunj cnal-f.eld Mogulsarai, the initial object of which was the supplying 
explor.'ition ; unfavour- of coal of a superior quality over the system of railways 

al)le rcbults. bcyond the latter junction station Mr. La Touche’s report 

was published in Part 3 of the year’s Records ; but on it I had already summarized 
as follows, under date the 26th June,: — 

“(fl) The Daltongunj coal-fieM has an area of about 30 square miles ; its strata of sandstone 
and allied rocks, with seams of coal or carbonaceous shale, are lying in tolerably 
f.asy undulations or rolls, although they are at the same time very much cut into and 
worn aw.iy by denudation. 

“(A) Practically and for all purposes of estimation as to the value of the field, there are only 
two .beams of coal worthy of consideration. 

"(c) The first or upper seam of coal is very variable in thickness (from l' 6" to 7' 6"), so 
much so indeed that any estimate formed as to the total quantity of coal contained 
within the area of the borings (and these were selected on the best ground) would 
be unreliable. The coal of this scam is generally very shaly ; this appears to be the 
scam which was worked by Messrs. Hodges and Radford at Singra ; it may bo 
called the Singra seam. 

"(rf) The at‘cond or lower scam is also very variable, but is generally thicker than the first, 
running (with variations) from 29 feet to 6 feet in its best development. This is 
the seam in which the pits belonging to the Bengal Coal Company were formerly 
worked t it may be called the Puudua scam. It is even difficult hero to form a fair 
tislimate of the quatttily of coal ; but assuming that the thickness of coal in this 
seam, over an area of one square mile east of Rnjhern, is yfeet, Mr. L;i. Touche 
reckons that it would furnish a total quantity in round numbers of 9,0ou,cxio ions 
Here .'ilso the coal is often very shaly, 

"(c) The more promising boring samples of coal give poor assays ; they show, in fad, that 
the coal is of an inferior kind. (Mr. T.a Touebe duea indeed nuggest that a fairer 
e.s(iutalo of the constitution of the coal should bn obtained by trial in bulk, but, as 
will be seen laier on, I tjucHiion the worth of such a trial 1 

"(/) The evidence obtaimsl of lower seams than the Pundua scant docs not appear to 
justify any expectation of better coal on a large scale. 

“ Coimwiring these results with the previous Mtimate of Dr. Saisc, of a total quantity of 
not lo.ss than 161,377,000 tons of coal containing 117 per cent, of ash, and the original cuti- 
mates of Mr. Theo. Hughes of the Geological Survey, wa., 11,600,000 tons of available coal 
with, say, 10 to 13 per cent, of ash; and comsidering that Messrs. Hughes and La Touche are 
experts in the recognition of strata associated with coal seams in the Indian coal-measures 
and at following these up or in rwisoning as to how they may be expected to continue undsr. 
ground, I have, after careful consideration of the evidences, formed the following conclusion. 

“I think this boring exploitation may be taken as conclusive, regarding the inadequacy 
of the Daltongunj coal-tield (or niooting the demand required for the proposed railway i 
although itoffers every prospect of mooting local and not very «nstaftt demands for fuel. 

A 2 
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Neither the esjtirnated avsdlable tonnagCj nor the quality of the coal, have been found to 
improve on those originally ascertained by Mr Hughes; although I had all along hoped that 
more detailed examinations and borings might have shown that he was too prone to keep his 
estimates very well w thin reasonable probabilities. Mr La Touche’s estimate is, of course, 
only made on a good area of medium thickness coal ; but although it could be easily run up to 
that of Mr. Hughes, I regret that the data before tbe Geological Survey do not justify our 
venturing anywhere near Dr. Saise’s so much more favourable estimate. 

“ Mr. La Touche’s boring assays are certainly very depressing in their ash percentage • 
but as I myself have had considerable experience in the Chhattisgarh fields, which, m many 
respects are like this Daltongunj tract, where the boring samples, notwithstanding my fears of 
their being mixed with shale, did after all give assays which differed very little from the assays 
of the coal from trial pits j I therefore do not think that testing in bulk, as suggested by Mr. 
La Touche, would show any very appreciable improvement in the power of the coal.” 

The Darjiling coal exploration was continued to the west of the Lisu-Ramthi area 
surveyed by Mr. Bose during the previous year. The entire Lower Gondwana or 
Damuda area between Pankhabari and the Tista was examined in some detail, 
and special attention was paid to the groun^ just by the Tista Valley cart-road, 
but the excavations disclosed no promising seams : thus the question of the probable 
existence of workable seams in'this particular area may now be considered as settled. 

The well-known Tindaria outcrops on the Darjiling Railway 
finEhed^^ reported on years ago by Mr. 

Mallet, though not without considerable doubt as to theii 
Ultimate successful development. Mr. Bose does not offer any more encouraging 
data : indeed he seems to imply that the condition of the coal itself and its mode 
of occurrence are even more against the working of it than Mr. Mallet was inclined 
to argue. 

Opportunity offering, at the close of this coal exploration, for some further exa- 
mination of the copper occurrences in Sikkhim, Mr. Bose was posted to this woik. 
He examined sixteen ore localities : only two of these were being worked at the 
time of his visit, the abandonment of six other places being attributable to the ina- 
bility of the miners to deal with the influx of water after excavating only to a very 
moderate depth. Nine ore localities are described as not having been tried at all. 

Copper occurrences in Or rather bunowings, at Tuk, BhoUng, Ratho 

Sikkhim j fairly promts- and Pachi, appear to be certainly the most promising in all 
Sikkhim. Mr. Bose thinks that deep mining on modern 
methods is likely to yield a very fair return at Pachikhani and Rathokhini, where 
the miners are now at work; and even at the abandoned workings at Tukkhani 
and Bhotangkhani. It is, of course, question \ble whether development in such a 
distant region, under European enterprise and management, would be a success ; 
but there seems little doubt ihat a surer prospect of paying return may be antici- 
pated under a more economical and smaller staff of western management and 
labour than is usually considered necessary in Indian mining ventures, supplemented 
by reliable trained country labour, I am the moie earnest on this point, considering 
how admirably and successfully such a system was being followed out by Ritter 
von Schwartz during his management of the Government Iron Works at Barrakar ; 
while I believe that Dr Saise, of the East Indian Railway Go's, coal-fields at Kurhur- 
bari. has also had satisfactory experience of the adaptability of country labour to 
more responsible work. 
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Be this as it may, Mr. Bose writes of the four ore localities mentioned above, that 
Pachikhani appeared to him the most promising, as the existence of at least one rich 
deposit is known, and that it ought to be tried first in case Sikkhim should attract 
mining enterprise. A sample, taken at random from the deposit mentioned, yielded 
31 per cent of copper; and from what the miners told him, the average yield from 
the entire mine is about 12 per cent,, or 5 seers of copper from one maund of ore. 
Tukkhani, he thinks, would be a very favourable place for trial after Pachikhani. 
Mr. Bose's reports on the Continuation of the Daijiling Coal Exploration, and on 
the Geology and Mineral Resources of Sikkhim were published in the fourth part of 
the year's volume of the Recoi ds. 

EXTRA.PENINSULAR INDIA. 

Assai.— Renewed enquiry having been made by the Chief Commissioner of Assam 
concerning the coal occurrences in the Garo Hills and notwithstanding that these 
places had been visited many years ago, in the fiist instance, by Mr. Medlicott 
and later still by Mr. La I’ouche, I thought it advisable on several grounds to 
post Mr. Datta at this work. His attention was first given to the coal indica- 
Renewed survey of North-West Frontier, in the Goalpara district, 

Garo Hills coal: no close to Singmari on the old Bramaputra. In 1868 

oa?rand RonsttS^'" ^epo^ed that “the existence of a fair seam 

P ® of useful coal at Siju was confirmed, the then value of it 

being questionable on account of difficulty of access from the plains, across some 
10 miles of low, rugged, hills. Of all the known outcrops at Mirampara and Cham- 
pagiri, a most unfavouiable account had to be given : the deposit was indeed the 
same as at Siju, and more favourably cii cumstanced for woiklng, the measures 
being quite horizontal, and close to the surface, but the seam contained onlv a few 
irregular little strings of coal in a thick bed of clay, resting almost directly upon a 
platform of gneissic rocks. The only apparent useful coal there lay in a possible 
development of the deposit on the same horizon to the deep of the formation in 
its main basin, on the south of the barrier of crystalline rocks ; and I suggested that 
this point might be determined by a boring in the neighbourhood of Harigaon,” 

This report of Mr. Medlicott would, on the face of its being the result of so ex- 
perienced an observer’s survey, appear to be a sufficiently exhaustive expression of 
the poor look-out of the field, except in the direction of Siju ; but the now increasing 
tendency of certain firms of the mercantile community of Calcutta to utilize coal 
areas adjacent to their planting properties in Assam, seemed to demand such 
further evidence as could be obtained, especially with regard to this region, and 
again on the higher country in the neighbourhood of Tura. As was to be expected, 
Mr. Datta’s examination of the first tract only resulted in some further information 
as to the geological formations and the finding of more outcrops of the same thin 
coals or carbonaceous shales. 

In the Rongrengiri field, he had again to go over ground concerning which Mr. 
Medlicott had written as follows : — “ Some miles up the valley of the Semsang to the 
west, there is another considerable basin of the coal-measure rocks, occupying the 
valley above and below the Rongrengiri outpost for a direct distance of seven miles. 
Locally it is five miles wide. I could nowhere find an outcrop of the coal within 
this area ; but there are stratigraphical features suggesting that it may exist within 
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the basin at greater depths than the present surface.” At a verv much later date, Mr. 
La Touche failed to discover coal seams of any practical value, though he noticed 
a seam of good coal, one foot thick in a hill, due east of 
Darangiri, the proper Shemshangiri, and there are several outcrops of a bed of 

‘ carbonaceous shale, about 3 feet thick, at the west end of 

the field, vvhich he considered to represent the principal seam of the Darangiri 
coal-field. Mr. Datta has now furnished a report, in which he adds three outcrops 
to that mentioned by Mr. La Touche, the thickest being only 18 inches ; though on 
this, he tries to make the very best of a supposition that one seam, aveiaging i foot 
3 inches in thickness, may be continuous over 10 square miles. It is with great 
regret that I am unable to follow him in this estimate : indeed, were the seam 
tolerably continuous with such a thickness, it is very questionable whether it could 
be worked, even were the locality less diflScult of appioach than it is. As a matter of 
previous survey, the proper and only field in this region offering immediate prospect 
of successful development is that of Darangiri ; for which, too, an application for 
prospecting and ultimate leasing has been for some time before the Government. 


Baluchistan. — ^The survey for coal and oil having extended over all the country 
within convenient reach of the railway lines, and in some parts much beyond that, 
Mr. Oldham’s party was withdrawn at the end of the working season. His season 
commenced by his catching up the Kidderzai field force at Dhanasar, with the 
object of examining the reported oil occurrence at Kot Moghul, about 13 miles 
south-east of the Takht-i-Suleiman. Mr. Oldham’s condition of health, after an 
almost continuous field working of eighteen months, prevented his meeting Sir R. 
Sandeman at Apozai, as had been previously arranged, though he tried his best to do 
so, and in the end he was only able to establish the bare fact that there is a small 
outflow of oil. He reported it as of excellent quality, but this estimate was found 


to be too favourable when the oil was subjected to laboratory 
Pu^jab^ontier. judgment. The question of whether the oil existed in 

sufiacient quantity in the strata, or whether it could be 
more favourably tapped than at the present place of natural issue, could not be de- 
termined without a more extensive survey than was then possible,* and the carrying 
out of that will be a troublesome operation, considering that the country is a tribal 
region on the frontier of the Punjab. 


The history of this enquiry, so far, has been given in the second part of the year’s 
volume of the Survey Records, by Mr. Oldham himself, and by Mr. Holland for the 
laboratory investigation ; and it may be as well to summarize it here. In December 
1889 a sample, stated to be raw mineral oil, was forwarded to me at the instiga- 
tion of His Excellency the Commander-in-Chief. This was examined by Mr, Lake 
in our laboratory and found to have a density of 0*822, and a flashing point of 89® 
F., which result aroused our suspicions as to the reported source of the oil. Dr, War- 
den, Chemical Examiner to the Bengal Government, found the specimen submitted to 
him to have a specific gravity of 0*8209 at 15-5^ C., and a flashing point of 89^^ F, ; 
ajnd he concluded that the specimen was not a crude oil, but a commercial kerosine 
oil of Russian origin. In September 1890 Dr. Warden reported on a further speci- 
men, procured by the Deputy Commissioner of Dera Ismail Khan, when he found 
it to have a specific gravity of 0*8154 at C. and a flashing point of 84*29° F, 
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Mr. Oldham was then instructed to visit the locality and send down samples, which, 
when tried in the laboratory, yielded results showing it to be decidedly inferior in 
quality, as compaied with the other samples. 

It has now been decided, in communication with the Dera Ismail Khan authori- 
ties, that as soon as arrangements for visiting the country can be settled, a thorough 
examination of the stiatigraphical conditions of the country shall be made with a 
view to determining the probable underground stoiage of the oil and the chances 
of tapping a larger issue by boiing. 

Mr. Oldham’s fuither work in Baluchistan enabled him to send in reports on an 
outflow of peti oleum intheRobdar Valley, Bolan Pass; on the petroleum resources 
of the country adjoining the routes to Quetta ; and on the coal lesources of Quetta 
and the routes leading to it ; while his increased experience of the general stratigraphy 
of the country conduced to his adding some further evidence in favour of Mr. 
Medlicott’s original suggestion in 1886 for a speculative trial boring near Rohri, 
on the Indus. As a move in that direction, 1 ha\e just, at the close of the year, 
selected places near to and within the North Western Railway works at Sukkur, 
in view of projected boring operations. 

In this connection, I attended the Conference on Fuel at Quetta early in 
December last, when Mr. Oldham’s views on the oil conditions of the Khattan field 
and in the Spintangi Valley were discussed. The test boring recommended by 
him for the final settlement of the prospects of the Khattan tract is being earned 
out ; but this finality of procedure was very naturally disputed by Sir R. Sandeman, 
who discovered this oil tract, and by Mr. Townsend, who had superintended all the 
oil exploitations in Baluchistan until within the last six 
Qiwtta months. The latter gentleman still relies on certain state 

breaks or faults in the neighbourhood of Khattan, on the 
further side of which he considers there is a possibility of oil. Under the circum- 
stances, and feeling that no chance should be allowed to pass of disclosing 
a larger and freeer issue of oil than has been met with hitherto at this place, I 
volunteered, notwithstanding the fact that Mr. Oldham’s map showed no sign of 
any marked faulting, to personally examine Mr. Townsend’s stated condition of the 
stratigraphy should the boring now being put down turn out unfavourable to the 
future of the field. It was also resolved at this Conference, Mr. Townsend and I 
being in agreement, that a new boring should be put down on the Sind-Pishin 
Railway, in the Chuppar Rift. 

North-West Provinces. — ^The existence of very thin strings of coal and car- 
bonaceous shale at Kalka, in the Simla district, has been known to the Survey for 
very many years, but the extension of railway communication to that place has 
naturally aioused renewed speculation as to the value of some lately reported finds ; 
and urgent enquiry was made by the Deputy Commissioner of Simla. Mr. Gries- 
bach examined the country in October, upon which he reports that none of the 
coal deposits seems to be of any importance. The best exposure is near Kalka, in 
the valley of the Kassaulia stream, about one and a half miles up-stream from Tipra 
Further report on the tillage and one mile west-south-west from Datiar Chouki 
Kalka coal : shows un- OH the Simla-Kalka road. The only coal trace in this ex- 
favourable results. posure which might attract notice is an irregular deposit 
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splitting up into seams, separated by a lenticular bed of sandstone of about 6 inches 
in thickness. The seam may be estimated as having an average thickness of from 
2 to 3 inches, but at one point it is seen to expand to from 8 to 12 inches. The 
quality of the coal is good enough, and it burns freely, but there is not enough of it 
to warrant working. Similar traces, all lignite, are found at several localities in the 
Kalka neighbourhood, and in the Nahan division of the Siwalik formation, but none 
of them indicate any increase on the estimate formed on the Kassaulia exposure. 

Burma. — The tin exploitation in Tenasserim, under Mr Hughes, was continued 
with satisfactory result ; a very strong outcrop of the ore-bearing rock itself having 
been defined within the Maliwun township, from which very encouraging samples 
of tinstone were obtained. The importance of this find may be gauged when it is 
considered that this rather abnormal form of lode occurs in the series of rocks con- 
stituting the ridges of the country, from the denudation of which the stanniferous 
alluviums of the valleys have been formed, and that it can hardly be the only good 
Tin exploration in A considerable part^of this lode is so 

Mergui: very satisfac- decomposed or weathered as to be sluiceable with profit, 
tory progress. existence of rich alluvial deposits in the Maliwun 

district is also certain, though they and the rocky zone are not, I fear, rich enough 
to pay working under, as I have already remarked in connection with copper 
mining in Sikkhim, elaborate European management and working. The venture 
must be made under an improved system and encouragement of Chinese working 
similar to that ruling in the Straits Settlements ; and it is satisfactory to note that 
the labours of Mr. Hughes and his party of prospectors have yielded results which 
have brought forward applications from syndicates, experienced in that field of 
operation, for the prospecting and ultimate leasing out of lands in the Maliwun tract. 
In summarizing the results of the exploitation up to the end of last season's pro- 
specting, Mr. Hughes also considers that he is justified in saying that the alluvial 
tin in Bahuni, Karathur and Plyngan is of good quality, and such as should yield 
good returns if worked under fair conditions ; meaning, by fair conditions, sufficient 
means on the part of those who would start work, and readiness on the part of the 
Local Administration to assist them heartily by carrying out necessary measures. 

Much remains to be done in prospecting so large and trackless a region, but 
I think that by the end of the present season sufficient will have been accomplished, 
by the Survey of India in topographical surveying, and by ourselves in the demar- 
cation of good tin areas, for the furtherance of a successful tin development by pri- 
vate enterprise* 

In Upper Burma, Dr. Ndetling's services have been fully, and, as I und<"rstood 
in personal conference with the Financial Commissioner of Burma, most advanta^ 

U per Burma oil- employed, not only in the demarcation of the oil- 
fields. fields, but in the defimtion of the State wells, and settle* 

®aent of the rights and position of the Twinzas, or old 
naUve miners. At the same time, he has prepared a very elaboiate and full memoir 
on the history and working of the oil-fields, for the Government of Burma. 

In view of the extension of a railway to Myingyan, a reconnaissance of the 
country was made in that direction in the way of prospecting for coal, but without 
finding outcrops ; the result showing that even if the group of coal-bearing rocks 
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on the eastern side of the Irrawaddi valley does exist 
Myingyan side, it would lie at too prohibitive a 
depth for working. Towards the close of the year, Dr. 
Ndetling was despatched to explore the jade and amber tract, being attached 
to the Column proceeding to Northern Upper Burma. His woik in this direction 
will be good, considering that a portion of his earlier career in Europe was spent 
at amber mines. 

Geological Investigation.— and Transition Series — The season^s 
South India- North- Surveying in the Madras Presidency completed the examin- 
West Frontier of Punjab : ^-don of the larger and more prominent tracts of the Dhar- 
and Sikkhim Himalaya, Series, with their associated older schistose gneisses and 
granitoids occurring in the very extensive tract of country included in the districts 
of Anantapur, Bellary, Cuddapah, and Kornool. This great area, hitherto displayed 
on our geological map of India as a gneissic region, is therefore now capable of 
being brought into much nearer formational correlation with Central India and 
the western frontier of Bengal, where certain groups of transition rocks — notably 
the ‘ Gwalior^,’ and possibly the * Bijawars ’ also — occur as prominent ore-bearing for- 
mations, The Madras crystallines, as more recently worked out by Mr. Foote, also 
appear to have much in common with the Bundelkhund gneiss, as well as that of 
Bengal. This advance in our knowledge of Madras geology will therefore be of 
distinct value in the new edition of the Manual of the Geology of India, and its 
accompanying map, now being written by Mr R. D. Oldham. The more detailed 
memoir by Mr, Foote is now in press. 

In the far distant North-West Frontier, the deputation of Mr Griesbach with the 
Miranzai Expedition, and Mr. Middlemiss with the Black Mountain Force, have 
afforded only slight opportunities of studying the Cr}stallines (igneous and meta- 
morphic) in that direction. Mr. Griesbacb^s work is embodied in a paper on the 
geology of the Safed Koh, which will shortly be published. 

From the North-East Himalayas, we have useful notes by Mr. Bose on the 
elevation and disturbance of the Sikkim Himalaya, and on the igneous rocks of 
Darjiling and Sikkim The former seems to be a pretty direct application of the 
general results obtained by Mr. Medlicott and Mr. Middlemiss in the Sub Hima* 
laya of the North-Western Provinces. 

Cretaceous, Tertiary, and Recent . — From Baluchistan, Mr Oldham has sent in 
reports on the recent deposits of the valley plains of Quetta, 
^ Baluchistan : and Ha- pishin, and the Dashtd-Bedaolat ; on the geology of the 
Thai Chotiali and part of the Mari country ; on the geology 
of the country west of the Bolan Pass; and on a tour from Quetta by Kach to 
Ziarat, Hindubagh. 

The second of these papers is of special interest as adding a further link to the 
evidence already gained in peninsular India and Sind, pointing to the occurrence 
of passage beds which appear to have been deposited during the time interval 
represented by the gap between the Secondary and Teitiary peiiods in Europe. 
Extended survey of the stratigraphical groups already distinguished by Mr, Oldham 
has shown that his Dunghan group is not only separated from the cretaceous “ belem- 
nite beds ” below by a slight though distinct unconformable break, unaccompanied 
by disturbance ; but that, while it is an essentially limestone group of great 
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thickness in the northern part of the area and in the Harnai district, it becomes, to the 
south-east, an argillaceous one, with only an attenuated limestone facies in its upper- 
most beds. But with this change, it becomes abundantly fossilliferous, with a fauna 
having cretaceous and yet decidedly nummulitic affinities. The author is sufficiently 
guarded in his reading of the unconformability, the change of lithological facies, 
and the anomalousness of the fauna; but these conditions are fairly open to the inter- 
pretation that the Dunghan group probably represents the gap stated above. 
Mr. Oldham’s paper is issued with the cuirent records. 

His article on the recent deposits of the valley plains is also published, a feature 
of interest in it being a discussion of the native karez” system of tapping water 
sources at the foot of the flanking hills, and leading it by underground tunnels, or 
karezes, to the lower levels of cultivation. It also treats of the remarkable group 
of natural artesian spring at Quetta itself ; from the study of which and the other 
conditions of the valley plains the author prepared a note for the Baluchistan 
Agency on the mode of occurrence and probable distribution of artesian water in 
the Quetta and Pishin districts. 

In Hazara, Mr. Middlemiss’s work,^ early in the season, lay among the lower 
ranges of hills immediately north of the Rawalpindi plateau, especially along the 
base of the nummulitic stage, in search of any extension of the Abbottabad coal 
band, of which however he found no further traces. ' 

A notable feature connected with the recent geology of Hazara is the presence 
of thick banks of coarse gravel at Diliari and other places, at a height of about 2,000 
feet above the level of the Indus. These gravels differ in no way from the beds of 
gravel at present deposited by that river; and they indicate that combined upheaval 
of the country and deep cutting of the Indus have resulted in separating the present 
and past erosion planes of that river by this enormous vertical distance. 

PalmomtolQgical^Vxoltssot Waagen has been our chief worker. The second 
part of his Geological Resul/s, arising out of his elaborate study of the .palasozoic 
Salt Range fauna, was published early in the year. He continues working at the 
Ceraiiies, some 20 plates of which are already stored in Calcutta, in readiness for 
the illustration of the text descriptions. 

It hardly becomes me to write in praise of this latest contribution from so dis^ 
tinguished a savant as Dr. Waagen, for it will, indeed has received its meed, in that 
respect, from the most competent judges in the palaeontological world ; but the latest 
testimony I have before roe is that his generalizations on the correlation of the 
Salt Range palaeozoics with those of other regions have received remarkable con- 
firmation in the recognition by Oberbergrath Mojsisovics of a Salt Range and Aus- 
tralian faunae in the collection of carboniferous fossils obtained by the Survey in the 
North-West Himalaya. 

The lamentable death of Professor P. M. Duncan necessitated the transfer of the 
collections of Kach jurassic echinotds and corals sent home to him for description, to 
some other specialist in this section research contingency for which Dr. Dun- 
can had, as it turned out, thoughtfully provided for by asking Mr. J. W, Gregory of 
the Natural History Department of the British Museum, to undertake the work 
This arrangement was then confirmed by Dr. Henry Woodward; and we have just 
received Mr. Gregory’s fasciculus on the Echinoidea. ^ 

Anangements have also been made, under the kind guidance of Professor Ed, 
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Suess of the Imperial University of Vienna, for the study and description of our 
Himalayan collections by specialists in Austria : Palaeozoics, by Dr. Wentzel ; Trias- 
sics by Oberbergrath Mojsisovics ; Rho6tics, by Dr. Bittner ; and Jui assies (Spiti), by 
Professor Uhl ig. In the progress of study so far, Professor Suess reports that our 
Silurian fossils are rather poor. On the other hand, the very remarkable though not 
unforeshadowed feature has been recognized, that the caiboniferous fossils belong to 
two very different faunae, one of the Salt Range type and the other related to Aus- 
tralian carboniferous. The triassic fossils, again, are of such extieme interest as to 
have induced Professor Suess, in conference with Mojsisovics, to piopose the send- 
ing out of Privat Docent Dr. Diener, under contributions from the Bou6 Fund and 
the Academy of Sciences, for the further collection of fossils, in concert with the 
Survey, considering, as he does, that Griesbach’s discoveries are so important 
that it seems well nigh our duty to follow them up as far as we possibly can.'" Such 
an implied appreciation of the survey work in Himalayan geology is natuially 
most giatifying to us; and we too are bound to meet this most liberal and distin- 
guished proposal in as helpful a spirit as can be accorded to us by the Govern- 
ment of India. 

Museum and Laboratory. — Mr. Holland is selecting and arranging mineral 
specimens, models, and draw'ngs to form a collection as an introduction to the study 
of mineralogy, which vrill be employed also to illustrate the demonstrations pro- 
posed to be given to the students of the Presidency College. Considerable pro- 
gress has been made towards a more complete arrangement and classification of the 
rock collection. 

The work in the Museum, however, has been considerably delayed on account 
of the increase in the number of specimens received in the laboralor}^ for determi- 
nation and analysis. The principal ores assayed duiing the }eai were those of gold, 
silver, lead, tin, copper, and iron; in addition to samples of coal, coke, crude mi- 
neral oils, and brines. 

Mr. Middlemiss’s paper on the Salt Range geology ( Records, Vol. XXIII, 
page 19), published in the beginning of the year, besides adding much of im- 
poitance to our knowledge of that area, shows that we are not as yet in pos- 
session of sufficient data for the satisfactory solution of problems connected 
with the remarkable position and characteristics of the salt-marl and its asso- 
ciated minerals. As an initial move in the way of solving the questions raised, 
Mr. Holland has devoted a portion of his leisure to the closer study of rocks collect- 
ed in this region ; and he informs me that the results obtained so far throw con- 
siderable light on the local problems besides adding much of general mineralogical 
interest. Among these may be mentioned the discovery of large proportions of 
in the bi- pyramidal quartz crystals (“Mari diamonds ""); the occurrence 
also of anhydrite in the hard nodules of the gypsum beds, and the stages in the 
process of hydration, with the interesting structures produced during the crystalliza^ 
tion of the latter and its intergrowth around fragmentary remains of anhydrite-crys- 
tals. The structures produced in these rocks by movements in the mass are also 
worthy of remark ; the gliding planes in the crushed anhydrites and the bent lamel- 
lar twinning of the gypsum, passing into stages in which inequiaxed fragments 
have, by the forced assumption of parallelism, given rise to examples of the most 
perfect schistosity, Mr Holland concludes that the data so obtained offer some 
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pertinent evidence on one of the long disputed and none the less important questions 
in the Salt-Range geology — namely, that the gypsum of the localities from which the 
specimens were obtained is] in its present condition as gypsum, not of sedimentary 
Origin. It is interesting to record this result obtained in the laboratory, as it is in 
precise agreement with the observations made by Mr. Middlemiss in the field. 

The Museum Assistant, Mr. T. R. Blyth, has worked well, his caiefulness and 
precision in chemical manipulation being especially commendable. 

Survey Publtcattons.--Tht year’s volume of the Records contains i8 Papers, 12 
of which deal with industrial or economic subjects : an Index to the first twenty 
volumes of this series has also been issued. Mr. Griesbach’s ( eology of the Ceutral 
Himalaya and Mr. Lake s Geology of South Malabar also appeared respectively as 
Volumes XXIII and XXIV, Part III, of the Memoirs of the Geological Survey of 
India; while the second Part of Volume IV of Professor Waagens Salt-Range 
Fossils was added to the Palaeontologia Indica, 

Library additions to the library amounted to 1,501 volumes or parts of 

volumes, of which 990 were acquired by presentation, and 51 1 by purchase. 

PersonneL — Mr. Lake having been unable, through shattered health, to return 
to India, on expiry of leave, was permitted to resign the service early in the year. 
He was thus only able to be with us for the better part of three years, during which 
time, however, liis work was so good and so full of promise for the future that his 
leaving us was a distinct loss. He contributed one Memoir and three Record 
Papers to the Survey publications. 

The vacancy so caused in our ranks was filled up in October last by the ap- 
pointment of Mr. W. B. Dallas Edwards, Associate of the Royal College of Science^ 
London. 

Our most serious loss, however, has been in the retirement of Mr. Foote, 
however inevitable this was in the closing years of his extension be}ond completed 
service, which commenced in September 185S. 

Mr. Foote was Senior Superintendent of the Sim*ey, and he officiated once as 
Director for Mr. Medlicott, and again for me, during our abs-ence on leave from India. 
Nearly all his service was spent ‘in Southein India, the geology, palaeontology, 
prehistoric archaeology, and economic rescurces of which he has in\estigated with 
distinguished success. With the exception of the small share 1 myself had in the 
original finds, Mr. Foote’s name is identified with the discovery of palaeolithic re- 
mains in India, and especially with descriptions of their occurrence in Southern 
India, which he further supplemented by a series of valuable observations on the 
neolithic and later rhistoric occurrences, all of which has conduced to his being 
accepted as the recognized authority in Europe on this branch of Indian research* 
At the instance of Professor Huxley, in communication with Sir M. E, Grant Duff, 
then Governor of Madras, he made an elaborate survey of the Kurnool caves, and 
..exhumed a large collection of mammalian remains of later pleistocene age, among 
which there is a comparatively large number of species which are either totally 
extinct, or which are t ot now found living in India. His discovery also of Rhino" 
ceros deccanensis, in the Belgaum di$ rict, was an important advance in the study 
of our pleistocene deposits, while it threw quite a new Kght on the vexed question 
ot the origin of cotton soil. Our survey of the cretaceous and upper gondwana 
rocks in Madras rests considerably on his close and observant exploration ; and his 
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distinction of the “ Dharwars” among the Transition Series, and following out of the 
great iron bands in the crystallines of Salem will be of enduring economic value. 
For the published work of the Survey he has contiibuted 6 Memoirs, i Palseonto- 
logia Indica, and 19 Records. 

The pleasant satisfaction remaining to us is that ^Ir. Foote has only severed his 
connection with the Survey officially : he still remains our colleague in Indian 
geological work, 

WILL. KING, 

Director^ Gaological Survey of India^ 

January i8(j2. 
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List of Societies and other Institutions from which publications have 
been receiued in donation or exchange for the Library of the Geo* 
logical Survey of India during the year i8gi. 

Adelaide. — Royal Society of South Australia. 

Albany. — New York State Museum. 

Allahabad. — ^North-Western Provinces and Oudh Provincial Museum. 


Ballarat. — School of Mines. 

Baltimore. — Johns Hopkins’ University. 

Basel. — Natural History Society. 

Batavia. — Batavian Society of Arts and Sciences. 

Belfast. — ^Natural History and Philosophical Society. 

Berlin — ^German Geological Society. 

„ Koniglich Preussische Geologische Landesanstalt. 

„ Royal Prussian Academy of Science. 

„ Royal Prussian Geological Institute. 

Bologna. — Royal Academy of Sciences. 

Bombay. — ^Bombay Branch of the Royal Asiatic Society. 

„ hlarine Survey of India. 

„ Meteorological Department. 

„ Natural History Society. 

Bordeaux. — ^Linnean Society of Bordeaux. 

Boston. — American Academy of Arts and Sciences. 

„ Society of Natural History, 

Breslau. — Silesian Society. 

Brisbane, — Queensland Branch, Royal Geographical Society of Austra- 
lasia. 

„ Queensland Museum. 

Bristol. — Bristol Naturalists’ Society. 

Brussels, — Royal Geographical Society of Belgium. 

„ Royal Malacological Society of Belgium. 

Budapest. — Hungarian National Museum. 

Buenos Aires. — ^Argentine Republic. 

Caen. — ^Lixmean Society of Normandy. 

Calcutta, — ^Archaeological Survey. 

,, Asiatic Society of Bengal. 

„ Editor, ** The Indian Engineer.*’ 

„ „ “ Indian Engineering.” 

„ Indian Association for the Cultivation of Science. 

„ Indian Museum. 

„ Meteorological Department, Government of India. 

„ Survey of India. 

„ University of Calcutta. 

Cambridge. — ^Philosophical Society. 

Cambridge, Mass. — ^Museum of Comparative Zoology. 

Cassel.— Royal Mineralogy (Geology) and Pre-Historic Museum of 
Dresden. 
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Christiania. — Editorial Committee, Norwegian Noith Atlantic Expedi- 
tion. 

Cincinnati. — Society of Natural History. 

Copenhagen. — ^Royal Danish Academy. 

Dehra Dun. — Great Trigonometrical Survey. 

Dresden. — Isis Society. 

Dublin. — Royal Dublin Society. 

„ Royal Iiish Academy. 

Edinburgh. — Geological Society. 

„ Royal Scottish Society of Arts. 

„ Royal Society. 

„ Scottish Geographical Society. 

„ Signet Library. 

Florence. — Royal Geological Commission, Italy. 

Geneva, — Socidt4 de Physique. 

Glasgow. — Geological Society. 

„ Glasgow University. 

Gotha. — ^Editor, Petermann's Geographische Mittheilungen. 
Gottingen. — Royal Society. 

Halle. — Kais, Leopoldinisch-Carolinische Deutsche Akademie der 
Naturforscher. 

Harrisburg. — Geological Survey of Pennsylvania. 

Hobart. — Royal Society of Tasmania. 

Koniosberg, — ^Physikalisch-Okonomische Gesellschaft. 

Lausanne,^ — Vandois Society of Natural Sciences. 

Leiden. — J&cole Polytechnique de Delft. * 

Leipzig. — ^VereinfOr Erdkunde (Geog, Society). 

Liege. — Geological Society of Belgium. 

Lisbon, — Geological Survey of Portugal. 

Liverpool. — Geological Society. 

London. — British Museum (Natural History), 

„ Geological Society. 

„ Iron and Steel Institute. 

Linnean Society of London. 

„ Royal Geographical Society, 

„ Royal Institute of Great Britain. 

„ Royal Society, 

„ Society of Arts. 

„ Zoological Society. 

Madras — Forest Department. 

Madrid. — Geographical Society. 

Manchester. — Geological Society, 

„ Literary and Philosophical Society. 

Melbourne. — Department of Mines and Water-Supply, Victoria. 

„ Premier, Natural History, Victoria. 

Milano. — Italian Society of Natural Sciences. 

Montreal anp Ottawa. — Geological and N&turcd History Survey of Canada. 
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Montreal and Ottawa.— Royal Society of Canada. 

Moscow. — Imperial Society of Naturalists. 

Munich. — Royal Bavarian Academy, 

Naples.— R oyal Academy of Science. 

Newcastle-on-Tyne. — ^North of England Institute of Mining and Mechanical 
Engineers. 

New Haven. — Connecticut Academy of Sciences. 

„ The Editor of the ‘'American JournJ of Science.’' 

New York. — ^Academy of Sciences. 

Oxford, — University Museum. 

Paris. — Geographical Society. 

„ Geological Society of France. 

„ Geological Survey of France, 

„ Mining Department. 

Philadelphia. — Academy of Natural Sciences, 

„ Ameiican Philosophical Society. 

„ Franklin Institute. 

Pisa, — Society of Natural Sciences, Tuscany. 

Quebec. — Literary and Historical Society, 

Rio-de-Janeiro. — National Museum, 

Rome.— Geological Survey of Italy. 

„ Royal Academy. 

Sacramento.— CaJifornian State Mining Bureau. 

Saint Petersburg. — Geological Commission of the Russian Empiie. 

„ Imperial Academy of Sciences. 

Salem. — American Association for the Advancement of Science. 

„ Essex Institute. 

San Francisco. — Californian Academy of Sciences. 

Singapore. — Straits Branch, Royal Asiatic Society, 

Strasburg. — Strasburg University. 

Sydney, — Australian Museum. 

„ Department of Mines, New South Wales. 

„ Geological Survey of New South Wales. 

„ Linnean Society of New South Wales. 

„ Royal Society of New South Wales, 

Tokyo. — Asiatic Society of Japan. 

Toronto. — Canadian Institute. 

Turin. — Royal Academy of Sciences. 

Venice. — Royal Institute of Science. 

ViENNA.-^Imperial Geological Institute. 

„ Imperial Natural History Museum. 

,, K. K. Geographischen Gesellschaft, 

„ Royal Academy of Science. 

Washington. — Smithsonian Institution. 

„ United States Department of Agriculture. 

„ United States Geological Survey, 

„ United States Mint. 
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Washington. — United States National Museum. 

Wellington. — Colonial Museum and Geological Survey of New Zealand, 

,, Department of Mines, New Zealand. 

„ New Zealand Institute, 

Yokohama. — German Naturalists’ Society. 

„ Seismological Society of Japan. 

York. — Yorkshire Philosophical Society. 

The Governments of Bombay, India, Madras, Noith- Western Provinces 
and Oudh, and Punjab. 

The Chief Commissioner of Buima. 

The Resident at Hyderabad. 
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Previous literature. 


Horizontal beds. 


Report on the Geology of Thai Chotiili and pari of the Man country, by 
R. D. Oldham, A.R.S.M., F.G.S., Deputy Superintendent^ Geologi- 
cal Survey of India. (With a map and 5 plates.) 

The area to be described in the following paper lies to the east of that treated 

^ , of last year : its limits can be seen by reference to the map 

Area to be described. , ^ 

annexed. 

Apart from the very brief mention of the gorge at Tung by Dr, Blanford,^ and 

„ . some papers regarding the petroleum at Khattan which have 

Previous literature, , i- • • x q xt. • t. 

been referred to in my previous report/ there is no lilera* 
ture regarding the area under description. 

The structure presents the same features as were noticed before, in the almost 
Structure. complete absence of any of those great reversed faults and 

Absence of great faults, thrust planes which are so common in mountain regions. 
The only exception is in the south-east coiner, where, according to Sub-Assistant 
Hira Lai, the upper nummulitic beds and cretaceous beds are faulted into direct 
contact with each other. But, though not exhibited on a large scale, theie are many 
very pretty instances of faults on a small scale, two of which aie shown in Plates I 
and II. 

A very remarkable occurrence of horizontal beds over a considerable area in the 

„ . , , , Bdji valley was quite unexpected in a region usually so 

Horizontal beds. , . , , j* 1 j • . v. • j • 

highly disturbed. The houzonlality is made very conspi- 
cuous in the field, and easily recognizable on the map, by the capping of hard Spin- 
tangi limestones crowning the hills of Gh^zij shales and exhibiting those long hori- 
zontal lines of cliff and talus slopes, with an irregular outline cut by numerous re- 
entering angles, which form the scenery characteristic of a deeply eroded scries of 
horizontal beds of unequal hardness. 

The oldest rock exposed is the same grey limestone as was seen in the Mirdb 
, Tangi,® but it was much better seen this year in the hills west 

Oldest rock seen : of the Thai Chotiali plain, which are traversed by the Sdmbar 
massive limestone. pass, The beds are thrown into an anticlinal fold, whose 
core, composed of these hard grey limestones, stands up as a high hill, traversed 
by the deep gorge of the S6mbar pass. 

This gorge is not of the ordinary type of water-worn ravine, exhibiting on either 
side a section of the beds through which it is cut, but has been formed along a deep 
and sharply-folded synclinal fiexture, which obliquely traverses the main anticlinal. 
The stream has taken advantage of the narrow strip of soft beds, which was thus 
made to traverse the hard limestone core, and has deprived us of the deep teut sec- 
tion which this pass should otherwise have exhibited. 

About 3 miles to the west, however, there is a gorge cut through a lower part of 
the hill which exposes a section of a portion of the limestone, and exhibits it as very 
similar in type to the cretaceous grey limestones of the Quetta hills, with which I 
have little doubt that it is identical. 


^ Mem., Geol, Surv., Ind., XX, p. 197, 

* Rec., Geol, Surv., Ind., XXII, p. 93, 

* Rec. Geol. Surv, Ind., XXII, p. 93 j the word * nummulitic ^ in the marginal reference is 
m error. 
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Fossils. 


Belemnite beds. 


This limestone crops out in the centre of the Dunghan mountain, of the anti- 
Distribution clinals of Samach, of the Miri hill, and of Maz^rDiik in the 

B^ji valley. Though not mapped as occurring in the Rasta- 
idnihill, east of Mdmand, it appears to occur there, so far as can be judged from the 
’account of Sub-Assistant Hira Lai. 

From none of these last named localities were any fossils obtained, but in the 
Fossils Sdmbar pass the uppermost beds yielded some fossils, among 

which a Rhynconella was most abundant. A fragment of an 
ammonite was also found, and Behmnites, which appeared to belong to the same 
species as occurred in the next succeeding group, but they had been shattered by 
the disturbance the beds had undergone, and could only be extracted in a fragmentary 
condition which precludes any specific determination. 

The massive cretaceous limestones are overlaid with perfect conformity by a 

„ , .. 1. j series of beds which, in the S^mbar pass, attains a thickness 

or at least 1,000 feet, but is usually much thinner, the differ- 
ence being apparently due principally to a squeezing out of the lower shaly beds by 
compression. In the S^mbar pass the lower half of the group is composed of black 
shales with some sandy and calcareous beds and, near their base, the shales contain 
an admixture of volcanic ash. The upper half of the group consists of distinctly 
bedded green and purple indurated marls and limestones, capped by about 250 feet 
of compact white limestone. 

These upper beds resemble so closely, in lithological character, those variegated 
beds seen in the Chappar rift, which were formerly 1 referred 
paf shales^"^ Chap- Chappar shales, that I have no hesitation in 

identifying the two. They agree, moreover, in stratigraphical 
position, as will be seen further on, and the occurrence of an admixture of volcanic 
ash with the sedimentary material of the lower beds in the Tarai Tangi^ is another 
fact pointing to the same conclusion; moreover, there are frequent exposures of 
precisely similar beds occupying the same position relative, to the other rock groups 
in the ground intervening between the Sembar pass and the Chappar rift. 

Having established the identity of the group in the two separate localities, it ap- 
pears inconvenient that it should retain a name derived from a locality where it is 
very imperfectly exposed, neither the thick white limestone at the top, nor the still 
thicker black shales at the base being represented, except in a most imperfect 
manner, and I shall in future refer to the group as the ‘ belemnite beds.^ 

These belemnite beds are, in many places, abundantly fossiliferous, but the 
fossils found are almost entirely confined to several species 
ammonites, of Belemnites, mostly belonging to the section Dtlafaii, the 

only exceptions being a few fragmentary casts of Ammonites 
found 3 miles west of the Sembar pass. 

The uppermost white limestone was not observed to be fossiliferous within the 
area of the map, except for a few belemnites near its base, but I have seen it, on 
the road from Harnai to Loralai, containing both NummuUna 
Nummulites. AlveoUfta. At the time I was not aware of the true 

stratigraphical relations of the rock, and, being inclined to class it with the overlying 

^ Rec., Geol. Surv., Ind., XXIII, 93 (1890). 

* loct ciLf p. 94*- 
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Dunghan limestone, then regarded as nummnliiic, did not attach the importance to 
the observation which it has since proved to possess, and, unfortunately, did not 
carry off any specimens. There can, however, be no doubt as to the accuracy of the 
observation. 

The distribution of the belemnite beds is wider than that of the underlying 

. massive limestone. Besides foiming an oval round all the 

Distribution. t ^ ^ i 

exposures of the latter, it is the lowest rock exposed in 

the Sondri anticlinal and in two others in the south-east corner of the map ; to the 

north of Lat. 30® it is the lowest rock seen in the cores of the anticlinals ; and is 

known to be largely exposed to the north of the map in the direction of the B6ri valley. 

The distribution of fossils in this group appears, at first sight, to be capricious, for 
they have only been found in the S^mbar, Samach, Mazdr Dnk, Dunghan and Miri 
anticlinals, and not in those to the north-west or south-east of these. This is, how- 
ever, probably due to the fact that, in those exposures where no fossils have been 
found, only the uppermost beds are exposed, and these are everywhere very spar- 
ingly fossiliferous, if fossiliferous at all. Fmther to the north, along the Bdri- 
M^khtar road, belemnites are common enough in the beds of this group. 

The belemnite beds form the uppermost member of a confoimable system 

Unconfomable break. ^ Jut distinct, unconforn>able 

break. This is best seen in the Sonari anticlinal and that 
near Mazdr Drik in the B^ji valley, where the beds immediately overlying the white 
limestone contain numerous fragments of it; in the Mazdr Dnk anticlinal the white 
limestone is worn into an undulating surface, on which the lowest bed of the next 
succeeding sjstem is deposited, and in the upper B 4 ji valley there is a marine con- 
glomeiate bed containing fragments of white and giey limestone, the latter being 
apparently derived from the massive cretaceous limestone. This unconformity is 
also indicated by the remarLible variations in the thickness of the white' limestone 
variations which are equally noticeable outside the limits of the area under descrip^ 
tion. As has already been remarked, it has a thickness of about 250 feet in the 
Sdmbar pass, but on north side of the Mazdr Drik anticlinal this is reduced to only 
20 to 30 feet. So, too, on the road from Harnai to Loralsi there is no distinct band 
of white limestone seen in the first anticlinal crossed by the Mir£b Tangi, between 
Harnai and Tarwe Khan, but, at Dilkdna, only 5 miles further on, the white lime- 
stone is well developed, though the thickness was not estimated. 

Another fact, pointing to an unconformity between the belemnite beds and those 
overlying them, is the occurrence of pebbles of white nummuliferous limestone 
evidently derived from the uppermost white limestone of the belemnite beds in a 
conglomerate which occurs near the top of the Ghdzij gioup both near Shahrii and 
to the south-east of Quetta. ^ 

But, although this unconformity is distinct and unmistakeable, there is not, so far 

Unaccompamed by “ J recognizable divergence fiom a per- 

disturbance. _ parallelism of dip between the beds above and below 

, , , . , consequently, preceded by any marked dis- 

tarbance of the beds already formed, and need not represent very great lapse of 
time. On the other hand, if the identification of the pebbles of grey limestone in 
the lower beds of the next succeeding system with the massive cretaceous grey lime- 
stone, IS correct, there must have been a very extensive denudation, meaning a 
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considerable lapse of time, and the absence of any of the BeUmnites^ so abundant 
immediately below the unconformity, in the overlying beds points to the same con- 
clusion. For the present, however, and until the lesults of more extended survey 
are available, it is impossible to determine the exact stratigraphical value of this 
unconformity. 


The group which is met with immediately above this unconformity is, in many 
ways, the most interesting of all those met with ; it is the same 
ung an group, described by me as the Dunghan group. In the 

northern part of the area surveyed during the past season it presents the same 
character as it has in the Harnai district, that is to say, it is essentially a limestone 
group of great thickness. To the south a remarkable change 
angeo acies. eomes in by the development of argillaceous beds in the 
base of the group, which encroach more and more on the limestone till, in the south* 


east, only a few of the uppermost beds remain as limestone, the rest of the group 
being mainly argillaceous with some subsidiary beds of sandstone and impure 
limestone. The limit of the change between the two facies is tolerably well defined, 
coinciding approximately with the road from Spintangi to Thai Chotidli; and its 
abruptness is noteworthy. Thus, in the Dunghan mountain, the group ts composed 
of limestones, some 2,000 feet in thickness, but within 15 miles to the east, in the 
Mazdr Drik anticlinal and to the south-east in Sondri, there is not more than two or 
three hundred feet of limestone at the top of a thick series of shales. 

It is natural to ask whether such a sudden change of facies does not indicate a 
distinction between the two; such at first was the interpretation I was inclined to put 
upon it, and in the field maps the distinction was preserved to the last. A gradudly 
increasing intimacy with their mode of occurrence, and a careful review of the evi- 
dence, has, however, convinced me that they are identical, in spite of their litho- 
logical dissimilarity. 

A very good exposure of the argillaceous facies of this group is seen in the D6s 
valley near Khattan. In the lower portion of this tributary 
D^s valley. valley the Gh^zij shales are seen, which continue till a sheer 
sloping face is met with, composed of the pseudo conglomerate or true limestone 
breccia,^ associated with flaggy limestone as at Khattan, the total thickness being 
about 100 to 150 feet. This is underlaid by 600 to 700 feet of grey shales, below 
which comes a group of beds which forms a well marked and easily recognizable 
horizon in all the sections of this district. The uppermost bed is a limestone, com- 
posed almost entirely of oysters {Exogyra ?), but also containing a few other fossils. 
In the section it is very dark coloured and impregnated with petroleum, which oozes 
from the exposed surface. This is underlaid by sandy beds, one band of which is 
red throughout, and the others frequently stained red with iron. Below the sand- 
stones, in the D& valley, comes a great thickness, probably over 1,000 feet, of shales, 
many beds of which are so abundantly fossiliferous as to become impure limestones. 
At the head of the valley, where the dip flattens down horizontal, they form cliffs 
surrounding an amphitheatre, and are conformably underlaid by unfossiliferous grey, 
green, and purplish shales. The limit between the profusely fossiliferous beds and 
those in which no fossils can be found is abrupt, but perfectly conformable, and 


* Rec., Geol. Surv., Ind. XXIII, pp, 94, 95. 
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though no fossils are as a rule to be found in the shales, yet, in the Mazdr Drik 
anticlinal, I found, low down in this portion of the group, a band of NummuliUs^ 
apparently identical with some of the forms found higher up. 

The band of sandstones, stained with iron, and overlying oyster bed, can be 
recognized in all the sections in the southern part of the area included in the map 
and is important in the identification of this shaly group with the Dunghan lime- 
stone, for, in the Mazdr Drik anticlinal, the whole thickness of the beds above it 
consists of limestones, which there is no difficulty in recognizing as the same as the 
unmistakeable Dunghan limestone close by. But the identification of the shaly group 
with the Dunghan depends mainly on the similarity of stratigraphical position of the 
two and the constant presence of the pseudo conglomerate, or limestone breccia, at 
the top of the group marking division from the overlying Gh*izij shales. 

This bed forms well-marked and easily recognizable horizon throughout the area 
surveyed ; it is almost invariably visible, where the Dunghan group is shaly in com- 
position with only a small thickness of limestone at the top, and is frequently 
visible in the northern part of the area, where the group is composed of limestone 
throughout. How far its local absence may be due to imperfect action of the 
causes which led to the concretionary structure being developed, and how far to 
imperfect exposures of the bed, it is not altogether possible to say, but it is note- 
worthy that, in the northern portion of the area under description, the concretionary 
structure is less well-developed, and here the observed occurrences are least fre- 
quent, while in the south and east, where there is hardly a contact section in 
which it cannot be detected, the concretionary structure is so well developed that 
it is frequently almost impossible to believe that it is not a true conglomerate. I 
have, however, no reason for departing from the conclusion come to last year re- 
garding the nature of this structure, and, in spite of the very striking appearance pre- 
sented by individual exposures, there are several features in its mode of occurrence 
which are incompatible with the supposition that it is a true conglomerate ; these 
are, the absence of any important variations in thickness, its interstratification with 
fine grainedflaggy limestones, the absence of any coarse grained deposits associated 
with it, and, above all, the absence of any rock, of older date, similar to that of 
which the “ pebbles^’ are formed. 

The presence of this peculiar and easily recognizable rock at a definite horizon 
has been a most important aid to the geological mapping of the country, as it en- 
abled the boundary between the Dunghan and Ghdzij groups to be determined with 
&curacy, when this would, in its absence, have proved almost impossible of ac- 
complishment 

Concurrently with th^ change of facies of the Dunghan group it becomes abun- 
Fossils dantly fossiliferous , and a large number of specimens were 

** obtmned from the shaly beds. When the fauna of this group 

comes to be examined in detail, I anticipate it will lead to results as striking in their 
way as the remarkable change which, within twenty miles, converts a group of 
marine limestones, 2,000 feet in thickness, into an almost entirely argillaceous group. 
Until the fossils collected have been examined by a competent palaeontologist it 
would be presumptuous to hazard an opinion as to the palaeontological affinity of 
the fauna as a whole, but it presents certain striking ano- 
malies which cannot be passed over in silence. 


Anomalous fauna. 
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Among the Cephalopoda collected were fragments of two species of AmmoniUsy 
CrioceraSy and besides these I have been shown Ceraiites and BaculiieSy which were 
found by Mr. R. A. Townsend in the Dds valley; among the echinodermata fully 
half the specimens found belong to the order Eckmocomdcey and an oyster very like 
O. carmata is not uncommon. These would ordinarily be held sufficient to stamp 
the fauna as cretaceous, or at any rate upper secondary, yet this fauna not only 
occurs above the white limestone of the belemnite beds, in which Ntmmulim occur, 
but is accompanied in the same group by an abundance of specimens of Nummulma 
belonging to three or four species. I am aware that the genus Nummulina has been 
found in beds of carboniferous and of secondary age, but it is uncommon and, as 
yet, it has always been accepted that any beds in which the genus is abundantly 
represented are of tertiary age. 

Under these circumstances it must remain an open question whether we are to 
regard the Dunghan group as oldest tertiary, or newest secondary, in age. Dr, 
Blanford in his memoir ^ regarded the Dunghan limestone, near Harnai, as lower 
nummulitic, and very naturally so, for the almost only recognizable fossils it con- 
tains are foraminifera , mostly Nummulinay but in the Suleiman hills he took the 
“limestone breccia*' to mark the base of the tertiary system. As may be seen 
from what I said above, there is a contradiction here and, as matters stand, it is im- 
possible to say which of the two views is correct. If the top of the Dunghan group 
represents the lower limit of the tertiaries, we have to acknowledge an extreme 
abundance of the ^onus Nummulina in beds of cretaceous age; if the bottom, then 
the Ammonoidea are represented, in beds of tertiary age, by several genera and 
species, A third interpretation is open, and probably it will prove the true one, 
that the Dunghan group represents the gap between the Secondary and Tertiary 
period in Europe. 

The distribution of the Dunghan group is a large one, and is best explained by 
a reference to the map. In the north-western portion of the 
IS n u ion. where it consists mainly of limestone, it forms high hills 

and mountains ; to the south-east, where it is shaly, this is much less noticeable as, 
in most cases, the thin shell of limestone has been broken through by denudation, 
and the easily removed shales exposed. 

The Dunghan group is conformably overlaid by the Ghdzij group which pre- 
.. sents the same character as was described in my previous 

zi; group. paper and will not require lengthy notice here. To the north 

of the Thai Chotidli plain some coal seams occur in this group, and near Khattan a 
thin band of impure coal is found neax the top of it, but throughout the rest of the 
large area it occupies no coal was seen. Fossils are not very abundant except near 
the top of the group. 

The Ghdzij group is overlaid by the Spintangi beds, not only with most perfect 

S intan i rou conformity, but with an absolute obliteration of any definite 

pm ngi group. boundary. In the neighbourhood of Khattan several thin 

beds of white limestone, of the Spintangi type, occur among the Ghdzij shales, and 
green shales are found interbedded with beds which appear to be the equivalents of 
the Spintangi group at Spintangi. It has become evident that the lit>o’ogical dis- 
crimination of the two groups is impossible, and, on palaeontological grounds, it will 

^ Memo., GfeoL Surv., Ind,, XX. 


Gh^zij group. 


Spintangi group. 



H 


Records of the Geological Survey of India ^ [vOL. XXV. 


be equally dijSicult, for the fauna of the shaly beds is not expensive, and naturally is 
very different from that of the clear limestones, and the same fossils, at le" st so far as 
the more abundant forms are concerned, appear to be common to the limestone bands 
in the Ghazij groups and to the main body of the overlying Spintangi group. Under 
tliese circumstances, seeing what a large share the mere change 
condition would have in bringing about the change of 
fauna, a line of demarcation drawn on palaeontological grounds 
would no more represent a definite epoch than one drawn on purely lithological 
grounds. In fact there is no real distinction between the groups, and there is good 
reason for supposing that, to the south-east of the limits of the map, beds \vould be 


mapped as Spintangi which were of contemporaneous origin with some that have so 
far been mapped as Ghdzij. 

Although the boundary between these two groups has none of that definiteness 
which attaches to the other boundaries, it has been inserted as a matter of conveni- 
ence, for not only does the sub-division of the nummulitic beds above the Dunghan 
serve to render the structure of the country recognizable at a glance, but it serves to 
show to the distribution of two strongly contrasting types of deposit. 

A noteworthy feature of the Spintangi beds in the southern portion of the area 
mapped is the thickness of the gypsum beds it contains. Along the upper part of 
the Khattan valley they are very conspicuous on the scarps, and near Mamand 
there is, according to Sub-Assistant Hira Lai, a bed of 50 feet thick, besides four 
others aggregating 33 feet in a total thickness of about 400 feet near the middle of 
the visible section of the group. 

The Spingtangi group is overlaid to the south by Siwalik beds of the ordinary 
Siwalik indubitable Siwaliks in the area 

examined. There are, however, some other beds whose true 
classification it is difficult to determine ; from their aspect they might well pass for 
Siwaliks, but as it is very doubtful if they aie contemporaneous or were ever con- 
tinuous with any of those beds which have been mapped as Siwalik along the margin 
of the hills, I prefer to class them separately for the present. 

The most important of these is an area of distuibed sands and gravels lying 
east of Mimand. They consist mainly of old river shingles, 
of where they have been cut into, these are found to be in- 
terbedded with soft sandstone, little harder than rock-sand, 
and clayey beds ; they have mostly a distinct dip which in one place rises to 50^. 
Besides this main exposure there are three outliers, perched on the top of hills, at the 
eastern end of the Mdmand plain. These gravels are evidently old deposits of the 
same stream which now flows to the south of Mdmand; but, since they were formed, 
there has been some disturbance of the beds and an alteration of the course of the 
drainage, partly due to this disturbance, and partly to a low ering of levels along the 
band of easily denuded Gh^j shales, a little way to the south. 

Further down this stream, near Karmari, there is a large development of gravel 
deposits which rarely show any noticeable disturbance, but have been deeply cut into 
by the streams. 

In the B^ji valley there is a large expanse of gravel deposits in which no signs of 
vail disturbance were seen. They have, how^ever, been cut into, 

to a depth of neaily 100 feet in places, and, just above the 
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Thai Chotidli. 


junction of the Bareli, there is a hill of Gh^ij shale, capped by sub-recent river 
giavels. 

In the Thai Chotidli plain, separatingthe main area from the Kar^hi plain, there 
are some low hills of gravels, which have been bent up into 
an anticlinal. These are evidently old deposits of the river, 
before its gradient was checked, and have since been disturbed. They v ill be again 
refeired to when treating of the Thai Chotidh plain. 

The most lemarkable instance of disturbance of these sub-iecent river gravels 
is exhibited by those of the Panun valley (Pano of the map), 
of gravels Sherki hill and the western end of the Maz^r 

Drik anticlinal there is a great thickness of gravels, through 
which the stream has cut its way. At their northern limit these are in direct contact 
with Ghdzij shales, and have been bent up vertical and in places as much as 
30° beyond the vertical, so as to acquire an apparent dip to N. at 60° (Plate III), 
The dip is very local ; within 300 yards to the south it has almost disappeared, and, 
throughout the area occupied by these gravels, no signs of disturbance were seen, 
except in the immediate vicinity of its northern margin. 

Gravels of recent date are abundant in all the stream valle} s. They have not 

been considered of sufficient importance to be mapped 

Recent gravels and detail. Besides the numerous smaller deposits in the 
alluvium, ,, , , , . , . 

Stream valleys there is a large area in the Quat Mandai 

valley, covered principally by gravels, but in part also by fine-grained alluvial 

deposits. 

Among recent deposits must be classed landslips, which are more common than 
would be expected in so dry a climate. There is a very large 
Landslips. conspicuous landslip at Kuri^k Tangi, 8 miles east of 

Spintangi, which extends for nearly 3 miles across the valley, having come from the 
hills to the south. This landslip must have blocked the diamage for a time, as the 
Tangi is cut through its substance, between its source of origin and termination. 

Smaller landslips are common where the Ghazij shales are exposed on a hillside, 
being induced by the manner in which these shales weather into slimy mud which 
will move over veiy small gradients. A very striking instance occurs south of Sondri, 
where, on the watershed between the drainage of the Chdkar and B^ji valleys, the 
whole outcrop of the Ghdzij shales is completely concealed by a thick layer of huge 
angular masses of Dunghan limestone. It is, at fiist sight, almost impossible to sup- 
pose that the limestone is not in situ here, but, on either side of the ridge, these 
blocks are seen to overlie the edges of nearly vertical beds of the Dunghan and 
Spintangi groups. 

The most interesting and important of the recent deposits are, however, the 
numerous valley plains of fine-grained loess or alluvium# 
Alluvial and loess ^hese vary in size from the numerous small ” Thais on the 
^ ’ hillsides, too small to be distinguished on the map, to the 

great plain of Thai Chotiali, and the still greater plain of the Sibi Pat/' 

The Thais are small hollows, perched about the hillsides and on the hill tops, 
some due to solution of the underlying limestone, others to small landslips, in which 
accumulations of dust and rain wash, from the surrounding hillsides, form a very 
gently sloping fioor. They are mostly cultivated by the Maris, who have not yet been 
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able to get over the objection, born in old predatory days, to cultivating the 
valleys, where the crops are visible to every passer-by, and would probably have been 
reaped by some other person than the man who sowed them. 

The larger plains, those of Mdmand, Samach, and Pdr, as well as some of the 
smaller ones, evidently owe their origin to differential movements, or warping, of 
the surface, by which the drainage was checked, and the accumulation of fine grained 
deposits rendered possible. 

The plains of Pur and Mamand are both situated in synclinal hollows of the 
Mdmand underlying rock ; in the latter case the old escape of the 

drainage can be traced on the south side of the plain, and 
the old river gravels, deposited in former times when the streams flowed across the 
area now covered by the plains, extend o\er a low divide and slope gently north- 
wards under the loess. The deposit which fills the hollow that was formed is fine 
and uniform in grain, of a pale grey colour, and very calcareous ; the very few and 
shallow sections exposed show no signs of stiatification, and there seems no reason to 
doubt that it is, in the main, wind blown leess, derived from the dust blown off the 
surrounding hills, supplemented to some extent, near the margins of the plains, by 
matter brought in by the streams. The history of the plain is evidently as follows : 
At first there were river valleys of the ordinary sort draining to the south. After 
these had been well excavated, the compression to which these hills have been sub- 
jected caused the stream bed south of the hldmand plain to ri^e at a greater rate 
than the stream could cut down its channel. The first result of this was to form a 
deposit of gravel filling up the hollow, but the rise of the barrier went on at a greater 
rate than the deposit and a hollow was fonned which the materials brought down 
by the stream could not fill and from which the dust that accumulated could not be 
washed away ; so the loess gradually formed and by degrees spread ovei the gravels, 
hiding them and obliterating all minor inequalities of the ground to foim a nearly 
le\el plain, now cultivated over almost the whole of its area. The whole of this pro- 
cess, from the original carving out of the valleys to the formation and filling up of 
the basin, every stage of which must have been very slow and gradual in its progress, 
has taken place since the deposition of the sub-recent gravels mentioned above, 
and, when it is remembered that these are among the latest members of the tertiary 
period, if indeed they are tertiary at all, it gives a most striking indication of the in- 
comprehensibly vast periods of time which the geological record must necessarily 


cover. 

The Samach plain differs from that of Mdmand in being fonned on the crest of 
Samach anticlinal, but its origin is none the less evidently due to 

differential movements of the surface. Its history has been 
as follows : In the first instance an anticlinal hill of Dunghan limestone was formed, 
whose crest was broken through by denudation, exposing the easily denuded shales 
of the lower part of that group and the Belemnite beds, and a tolerably deep valley 
was consequently formed, but the drainage of this valley had to cross the axis of the 
andcliual, and, in consequence of further compression, the ground along the axis rose 
and checked the drainage, after which the subsequent history was much the same 
as that of the M£mand plain. 

The fine grained deposits of Samach differ somewhat from those of Mamand in 
appearance. Whether they are calcareous or not I forgot to note, but their colour is 



PART I.] 


Oldham : Geology Thai Chotl^li. 


27 


a reddish bro\s n, and they are much more loamy in appearance and texture. The 
difference is doubtless due to the amount of fine grained argillaceous matter washed 
down into this plain, whereas at Mamand the bulk of the debris brought down by 
the streams was limestone gravel, which came to rest close to the edge of the 
hills. 

In the Samach plain we can see the beginning of the end, for the barrier has 
been partly cut through and the stream has cut back into the plain, converting 
its eastern end into a maze of perpendicular-sided ridges and channels, while 
the rest of the plain still preserves its original smooth surface. 

The other plains of loess present very much the same character and history as 

Thai Chotidli require further notice here, but the great Thai 

ChotiMi plain, 45 miles in length and 12 in breadth, presents 
so many features of inteiest that it cannot be passed over without some mention. 

The western half of the plain is a barren treeless expanse of pale grey loess, at 
first sight level thioughout, but having in fact slight gradients to the west and south, 
where water collects after heavy rain. In the eastern end the soil is of a reddish 
colour and is less of a dead level, some slight rises being perceptible, especially 
near Gumbaz ; and along the banks of the stream, which flows past Gumbaz and 
Choti£li, there is a paik-like strip in which tamarisk and poplar trees shade the 
stream and are dotted about with green sward under their shade, forming a view 
not unpicturesque in itself, and positively beautiful by contrast with the banenness 
of the surrounding country. The Kar^hi plain, too, is in spring a mass of verdure. 
In March last its centre was occupied by an expanse of water in which numberless 
waterfowl and waders were disporting themselves, and on the stretch of ground 
surrounding it countless herds of sheep, cattle, goats, and donkeys were grazing. 

The fine grained deposits of the plain are of two distinct types. One of these is 
pale grey in colour, highly calcareous and very obscurely stratified. It corresponds 
to the loess deposits of the Quetta plain. The other is of a reddish brown colour, 
imperfectly but distinctly stratified, which appears to correspond to the undisturbed 
equivalents of those beds which, in the Quetta district, have been classed as Siwalik. 

The drainage of the plain piesents features of interest. On the north two con- 
sideiable streams enter the valley. One of these drains the Sinjiwi valley and flows 
past Ddki. The ordinary flow of this stream is entirely absorbed by cultivation and 
tue flood waters spiead out over the plain, partly soaking into it, partly accumulating 
in the hollows, whence they gradually disappear by perqplation and evaporation. 

The other is the Hanambar stieam, which is joined near Chotidli by the Karachi 
flowing from the east, and the combined waters flow out through the hills at Tang, 
or, as it is more commonly called, the Gb^ti bridge, being there, and for the rest of 
their course to Babar Each, known as the B4ji river. 

This, the only outlet for the drainage of the Thai Chotidli plain, is not the origi- 
p . . . course of the drainage, and is, moreover, of very recent 

let. ou - either side of it are low, and slope 

gently to the stream/ which does not flow in any deep cut 
gorge or steep-sided valley marking the long action of denudation. There are no 
traces of river giavels, and in the plain above the hills the stream flows in a narrow 


^ See Plate IV. 
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channel of 20 to 30 feet deep, from which two nullahs are cutting back on either side 
into the loess deposits along the foot of the hills. Everything marks the outlet rs 
geologically of very recent origin. The stream bed, after entering the hills, is 
formed by deep, stagnant reaches, separated by small waterfalls or rapids, where the 
water flows over a steep slope of angular debris. The deepening of this channel 
must proceed slowly, for it can only take place through the power of the floods to 
tear angular masses of rock out of its bed, the waters having been deprived of all 
solid matter, too coarse to l.'e carried in suspension, long before they cross the plain- 
This absence of pebbles borne along by the water has deprived the stream of much 
of its abrading power and the outlines of the stream bed, and of the loose 
fragments in it, are everywhere almost angular. Occasionally, however, they exhibit 
indistinctly the same sort of sculpturing as is seen on rocks exposed to the action 
of wind blown sand,^ which is in this case caused by the fragments of sand carried 
along in suspension by the water. 

After a course of a couple of miles, down what has all the appearance of the 
valley of a small tributary stream, as in fact it originally was, 
there is a broad open valley leading up to the west, and 
immediately beds of river shingle appear. Following up 
this side valley, it can easily be recognized as the old outlet of the river, which once 
gathered all the drainage of Thai Chotidli. It is broad and open, and the Ghazij 
shales, which are the rock in situ, are very little seen, owing to a cover of river 
gravels cut into by numerous small stream beds. The surface of this gravel deposit 
gradually rises to the west and ultimately forms a broad and almost imperceptible 
ridge at the eastern end of the Kar^hi plain. The same gravels are seen in the 
ridge of low hills, which runs east and west, north of the Kardhi plain, where they 
are disturbed, forming in places the whole of the ridge, but, in others, only a skin 
over a central core of older rocks. 

We have here the old course in which the ji river flowed ; its flow was checked 
by a rise of its bed along the anticlinal which runs south of the Kardhi plain, and 
Anally closed by the rise of the ground at its eastern end. The formation of the low 
hills, separating this from the main area of the Thai Chotidli plain, was of later date, 
and it is noteworthy that these hills lie along the continuation of a distinct anticlinal. 

The evidence that the compression and folding of the strata did not take place 
at one definite period and then cease, but that it has been a 
History of the p am. process, going On concomitantly with the erosion of 

the river valleys, is peculiarly abundant in the Thai Chotidli district, and it would 
be most interesting to work out the details with greater thoroughness than I was 
able to do on my somewhat hurried visit. We have first a certain amount of dis- 
turbance, the formation of a large drainage basin and extensive denudation. 
Then we have earth movements by which an area of closed drainage was formed 
and deposits accumulated ; at a subsequent date a further movement caused the 
elevaflon of the low hills between Ismail Khan and the Kardhi plain, and, at a 
still later date, some of the fine grained loess deposits along the margin of the 
hills west of the Ghdti bridge have been locally elevated and deeply cut into 
by the resulting erosion. Meanwhile the surface of the plain had gradually risen, 


See Records, Vol XXI, page 159. 
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extending up a small tributary valley which originally flowed northwards past where 
the Gh£ti bridge now stands, till its level reached that of the divide. Some of the 
flood waters then flowed over this and, washing away the weathered and easily 
removable rock at the surface, established a defined channel, along which much 
of the drainage now escapes. Such are the main points in the history of the Thai 
Chotiali plain. 


Economic geology. 


The economic results of the last season^s work have been 
as disappointing as its purely geological results have been 
interesting. 

Traces of petroleum are widespread, and were found in the limestones of the 
Petroleum Dunghan group at several spots throughout the area surveyed. 

It is most concentrated along the Khattan anticlinal. Old 
flows can be found in the D6s valley, and, in a corresponding valley, which drains 
the south side of the anticlinal. The shows are most abundant about the horizon of 
the red sandstone mentioned in the description of the Dunghan group. It is worthy 
of note that where this group is most profusely fossiliferous, most conspicuous 
signs of petroleum are found, and it is impossible not to hazard a guess that the 
coincidence is not accidental. As this petroleum has already been noticed in a pre- 
vious paper 1 and been made the subject of a special report, I shall not enter further 
into the matter. 

Coal was found near Duki in several places, but the thickest seam seen only 
measured 14 inches, so it is not likely ever to be of import, 
ance. The distance from any centre of demand w’ould very 
much detract from its value even if good seams existed. 

Gypsum was observed in great abundance and thick beds, one measuring 50 feet, 
Gypsum. Mdmand and in the Khattan valley; it will be long 

before it is worked for profit, though it is of excellent 
quality, and, if it could be easily got out, could be used for ornamental purposes. 
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Petrological Notes on the Boulder-bed of the Salt Range, Panjdb, C. S. 

MiddlemisS, B.A., Geological Survey of India. 

Introduction. 

The rock-formation known as the Boulder-bed of the Salt Range is one that has 
attracted much attention of late, as previous papers in the Records by Warth, Old- 
ham, Blanford, Waagen, Medlicott, and myself during the last few years can testify. 
It is unnecessary here to do more than shortly re-state what has now been definitely 
established as regards its age and mode of formation. Instead of there being several 
crystalline boulder-beds at different horizons in the range, it has been abundantly 
proved that there is but one bed forming a bottom layer to the Speckled Sandstone 
stage and its eastern representative, and resting unconformably on the older palseo** 

* Rec., Geob Surv. Ind., XXIII, page 104 (i^). 
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zoic rocks beneath. From the great frequency of polished, striated and facetted 
boulders set in a clay or shaley matrix, and from the identity of these characters 
with such as are well k nown in pebbles of the boulder clay of the glacial epoch, it 
has now been generally accepted that the Salt Range Boulder-bed is a witness that 
glacial conditions prevailed over this part of the earth in palaeozoic times. Further- 
more, it is conjectured with reasonable probability that the (in many ways similar) 
bed in Peninsular India known as the Talchir is of the same age. 

These facts and opinions being admitted, it occurred to me that a microscopi- 
cal examination of the crystalline boulders, and a comparison of them with slices of 
rocks from the Maldni neighbourhood — the conjectured source of the boulders— 
might bring out some positive points of identity between the former and their sup- 
posed parent rock, whence they had been carried by the agency of ice. Although 
no specific identities have been established, I give the following account of the 
examination of a small set of typical samples of pebbles from the boulder-bed, in the 
hope that, ultimately, their actual source may be tracked down^ 

No. (i), -5^, 650. (iV’.-S.— The first number in brackets is my own running 
number, the second is the registered number of the rock specimen, and the thiid 
the number of the microscope slide). In the hand specimen this boulder appears 
to be a coarse gneiss or gneissose-granite, roughly banded, and containing pinkish 
felspar, clear quartz, and muscovite. In a fairly large slice prepared for the micro- 
scope the gneissose structure is not noticeable. To whatever cause the banding of 
the lockr be due, it may be remarked that it is of a diffeient type fiom that usually 
found in the gneissose-granite of the Lower Himalaya. There is neither augen, 
lenticular-tabular, nor tabular structure, as in the latter. 

The minerals present, in order of importance, are quartz, plagioclase, muscovite, 
biotite, magnetite, and apatite. In another section of the same rock Mr, Holland has 
recognised much pinite. 

The quartz is present (i) in large giains composed of aggiegates of distinct 
optical units. Magnetite and apatite are included in the quartz grains in small 
quantity. The usual minute inclusions forming dusty-looking lines traverse each 
grain, and there is also seen a fine parallel siriation indicating zones of growth. 
With crossed nicols these dusty-looking lines of inclusions and the parallel striation 
are seen to pass without deflection through several of the optical units into which 
the grain then splits up. The individual units of this polysynthetic group are 
generally irregular in shape, but at the same time showing an approximation to a 
hexagonal outline. The distinctness of the units from an optical point of view and 
their material continuity, are shown in a rather thick section by the rainbow halo 
round each where it overlaps or is overlapped by its neighbour, (z) (Quartz is also 
present along certain lines in the slice forming a finely granular mosaic with plagio- 
clase and muscovite. These lines probably coincide with the macroscopical band- 
ing of the rock, and are due to crushing of the mass. 

The polarization colours and extinctions of the optical units of the quartz aggre- 
gates are geneially uniform in each unit ; but locally a unit shows a watered colour 

^ My thanks are due to Messrs. P. Lake and T. H. Holland, of the Geological Survey, for 
supervising the cutting of the slices and for efforts to match them with rocks from Peninsular 
India. 
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(brilliant purple and azure blue, or pale lemon and deep ochre) with a slightly 
undulose extinction. 

The felspar (i), like the quartz, occurs in large irregular grains, with a defined 
but irregular border next the large quartz grains, but with a ragged and inter- 
mingling border next the finely granular mosaic of quartz, felspar and mica. It is 
somewhat opaque, and generally includes many fine needles of apatite. It some- 
times presents a sharp and fine twinning on the albite plan, and at other times broad 
and often irregular lamellse which merge into each other insensibly. The ends of 
the twin lamellse at the border of a felspar grain are often bent, sometimes spread 
out like the fingers of a hand, and sometimes completely ruptured. One felspar is 
ruptured along two lines crossing at right angles the twinned lamellse, so that on 
each side of the lines of rupture they do not join properly. In this section of felspar 
also undulose extinction is prevalent. ( 2 ) The felspar is also present as a consti- 
tuent of the granular mosaic. 

The muscovite (1) is present in irregular packets of the usual kind in granites, 
but with slightly bent folia; (2) in the granular mosaic; and (3) as a cryptocrystal- 
line aggregate in patches among the mosaic. 

The biotite is only found in a small nest with cryptocrystalline structure. 

The magnetite in minute proportions is dotted through the slice. 

The apatite in minute characteristic highly refi acting prisms and hexagonal sec- 
tions is chiefly confined to the felspar. 

This specimen resembles in a general sort of way No. |§, 769 from Daolatgar 
Ajmir, but not sufficiently to make it probable that the boulder came from that 
locality. 

No. (2) ^ coarse gneiss or 

gneissose-granite, but not so coarse as the last specimen. It possesses deep flesh- 
coloured felspar, much biotite, and the quartz is of a dark bluish grey tint. The 
banded appearance is fairly well seen. 

In thin slice under the microscope the individual minerals are better seen and 
are as follows : — Quartz, felspar, biotite, magnetite, and sphene (?) 

The quartz in this slide is in two or three irregular giains, but not so distinctly 
separated the one from the other as in the last section. As before, however, it is 
made up of a large number of optically distinct individuals, whose shapes, though 
sometimes inclined to be hexagonal, are more generally elongated in one direction 
into lens-shaped bodies, separated round their margins from each other by a very 
fine-grained mosaic of appaiently powdered quartz. It is evident that differential 
movements of the particles of the original grains or layers of quartz have taken 
place along waving lines so that it has been sheared after the manner of the felspars 
and quartz in the microgianulitic rocks of Khairna described by me (Rec., G, S. of I., 
XXIII, pt. i). In addition, everyone of the optical units, when they are in the least 
lens-shaped or inegularly drawn out, show blurred colours with crossed nicols, and 
completely undulose extinctions. The general appearance then is not unlike that 
of ‘marbled ’ paper. So far these lenticular and irregular optical units, with the very 
fine mosaic between them, are only well seen with crossed nicols, and the lines of 
minute inclusions pass uninterruptedly from one to the other* But there are still other 
parallel fissures and cracks filled in with secondary quartz or with powdered residuum 
from the original walls, and these can be seen quite plainly without the aid of polar- 
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ized light. Magnetite is enclosed in the quartz in small crystals and dusty grains, 
and so also are a few crystals of sphene (f). The extremely minute inclus ons in the 
quartz throng the substance in swarms. They, together with the magnetic dust, 
may presumably be the cause of the blue colour of the quartz, so noticeable in the 
hand specimen. 

The felspar is in very irregular grains and throughout the slide is generally 
altered into a finely granular aggregate, among which patches of small size in the body 
of the felspar, and of larger size at the margins, remain unaltered. The unaltered 
parts show a very fine lamellar structure as if the result of twinning. Sometimes it 
displays the ^ plaided * appearance of microcline. Lines of differential movement, 
which have been remarked in connection with the quartz, are also observable ‘in the 
bending and waving of the felspar lamellae. Undulose extinction Is also prevalent. 

The biotite is in irregular layers, and markedly illustrates the mechanical deform- 
ation of the rock. 

Magnetite is sparsely disseminated through the slice in small grains and crystals. 

No. (3), 652, Macroscopically it is a coarsely granitic or gneissose rock, 

mottled red and black. Only a faintly linear arrangement of the minerals is visible. 

Under the microscope the slide appears as a finely granular intergrowth of 
quartz and felspar grains, sometimes becoming regularly micropegmatitic, among 
which larger idiomorphic crystals of felspar, sometimes with well-preserved outlines, 
are thickly strewn 

The felspar is by far the most largely represented in this slice, and it has some 
very complicated characteristics, (i) It occurs in rather large cry&tals, the crjstal- 
lographic outlines of many of which are fairly distinct. 1 he central portions of these 
are much darker than the outer zones. Other less distinct indications of growth 
zones can also be seen. Several of these felspars appear to be unlwinned. Ihey 
extinguish light at once and completely, without any banded polys}nthetic twinning 
coming into view. Others show a very faint striation, which becomes just visible 
when the point of maximum extinction of the section as a whole has been reached in 
revolving the stage of the micioscope. Others again show a very fine sharp lamellar 
twinning, and others the ordinary aspect of microcline. (2) Felspar also occurs in 
small micro-crystals irregularly scattered as inclusions in the former. (3) It also 
occurs in a sort of micro-granulitic ground-mass between the larger constituents of 
the rock, (4) It is associated with quartz in an ill-defined micropegmatite. 

The quartz is present (i) in laige grains often marginally passing into (2) micro- 
pegmatite; also (3) in smaller grains as inclusions in the larger minerals; and (4) 
in the micro-granulitic ground-mass. 

A badly preserved green mineial in small quantities in nests is present. 

Magnetite and apatite are also represented. 

The whole rock is very much confused, but it does not suggest any form of 
mechanical deformation. 1 should be much puzzled to specifically classify it. 

No, (4), 653* ^31 the hand this appears as a fine-grained gianilic rock of 

reddish brown colour. 

Under the microscope the slide reveals a medium-grained granitic rock, com- 
posed of larger grains of quartz dotted about irregularly in a slightly finer gi*ound- 
mass which is composed of smaller grains of quartz and microcline, with a little 
plagioclase and a green mineral, hornblende (?) 



PART MidDLEMISS : Boulder-bed of the Salt Range, Panj^b. 33 

The microdine is in places intergrown with the quartz but in an irregular way, 
the structure merging into an opnitic structure, wherein plates of microcline include 
small quartz grains. 

Small poitions of a green mineral, probably hornblende, are seen, much dis- 
figuied by alteration and deposition of oxide of iron, which has spread about in 
between the other constituents of the rock in the neighbourhood. 

In many paits of the slide original magnetite is disseminated in small well- 
formed crystals . * 

The whole rock has a very pellucid and defined appearance, and, with the ex- 
ception of the green mineral, has suffeied but little alteiation, nor are there any 
evidences of dynamic metamorphism. 

^0* ( 5 )>TfT> 654. The hand specimen is a dark purplish-grey, compact rock, 
with large, somewhat eye-shaped poiphyritic crystals of flesh-coloured felspar. It 
contains inclusions of a dark compact probably hornblendic rock. 

Microscopically it appears as a typical micro-granulitic rock, containing porphy- 
ritically developed (i) large rounded grains of quaitz of unifoim crystalline struc- 
ture; (2) felspars altered in many places, but possessing finely-twinned lamellae such 
as characteiize plagioclase and also broader twins of another kind superposed. One 
section of felspar exhibits a simple binary twin. 

There are a few patches of ill-defined greenish mineral, which has apparently 
suffered much alteration. 

The micro-granulitic ground-mass is in many paits minutely micropegmatitic. 
The quartz of the ground-mass can be picked out in ordinary light from the felspar, 
which is slightly yellowish grey in colour. In this light the micropegmaiite can bb 
seen very distinctly, and it appears to constitute a considerable portion of the ground- 
mass, It seems at first sight that the inlergrowth of the quartz and felspar has taken 
place at innumerable centres in the ground-mass, separately, and not uniformly, 
over large spaces. 

Magnetite is present in small quantity in minute crystals and crystalline aggregates. 

No (6), 655. I’his rock is of common occurrence and may be said to 

characterize the Boulder-bed. It appears in the hand as a fine-grained, flesh-red 
granophyre, with blebs of blue quartz and hornblende in small quantities. 

Under the microscope it appears as a beautiful micropegmatite, with quartz and 
felspar porphyritically developed. 

The micropegmatitic structure is very distinct and ext'emely beautiful. By 
ordinary light the peilucid quartz is visible in uniform, or triangular individuals 
with truncated apices, and ranged in lines or in more or less vermicular and parallel 
streaks converging towards centres, lines or round porphyritic quartz and felspar 
crystals. There is thus a faint tendency to what is known as centric slructiiie. The 
clear quartz individuals, thus arranged, appear inlaid in a pale j ellowish-grey matrix, 
the lat'er being alteied felspar, which still retains considerable power of lightening 
and darkening uniformly between crossed nicols. The whole of this micropeg- 
matitic ground-mass, when the nicols are crossed, splits up into differently oriented 
optical groups of units, without any particular shape that I could discover, except 
that the groups are bounded by more or less straight lines. Each optically uniform 
quartz group is approximately coincident with each intergrown optically uniform 
felspar group, though they do not extinguish light simultaneously. 


c 
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The generally accepted theory of eutectic compounds crystallizing often in a 
pegmatoid manner, that is to say, by mutual simultaneous intergrowth, is one which 
'has a great deal of 'Evidence in its favour. There is one point, however, that I would 
notice in connection with the question, namely, the apparent difficulty of always dis- 
tinguishing the so-called quartz of corrosion structure from a product of mutual in- 
tergrowth of quartz and felspar. There seems to me to be a more than supeificial 
relation between the two. I have referred to this point befoie (Rec., G. S. of I., 
XXI, pt. i), and it has again been brought to my mind by the recent paper by M. Al. 
Lacroix on the scapolite-bearing rocks of Ceylon and Salem tianslated by Mr. Mallet 
(Rec., G. S. of L, Vol. XXIV, pt. 3). It seems to me that quartz of corrosion in 
felspar, and quartz intergrown with felspar, may sometimes resemble one another 
so nearly that it is difficult to believe that they had an entirely different origin in 
each case, namely, by subsequent corrosion of the felspar with deposition of 
secondary quartz in the one case, and by mutual inter-growth and crystallization of 
the two minerals in the other case. 

Among the micropegmatitic ground-mass there are grains of quartz of compound 
crystalline structure but much cut up by fissures. These fissures are sometimes 
widely open and show either invasions of some green mineral or of the altered felspar 
material. Crystals of felspar very much altered like that of the micropegmatite, but 
with regular outlines, are seen scattered through the ground-mass : and occasional- 
ly round them and round the quaitz there is a partial coincident extinction of 
the micropegmatite. The felspar shows no compound twinning indicative of plagio- 
clase ; there is one binary twin in the slide. 

There is a little green mineial in the rock which is probably altered hornblende, 
and magnetite is very scarce. 

No. (7), 656, Macroscopically a black rock, with compact pitch-stone-like 

matrix, containing small white and pink patches of quartz and felspar. 

Microscopically the slide appears as a quartz-felsite or quartz-rhyoh'te. The 
ground-mass is yellowish or brownish-grey in ordinary light with flow-slructiuc 
extremely prominent. The ground-mass is not of uniform colour or structure. 
Portions are more or less glassy, and remain dark between crossed nicols ; other 
portions are finely felsitic, and others again finely spherulitic, giving an assemblage 
of black crosses with crossed nicols. It seems piobable that the different nature of 
these patches indicates thtit the whole did not solidify at once, but that half-solidified 
portions of a flow were broken up and then half fused over again. 

Quartz is present in clear, single, idiomorphic crystals, occasionally corroded at 
the edges. Felspar is scarce, but not entirely wanting. Magnetite is relatively 
abundant, as small crystals, or groups of crystals, and also in streaks and shreds 
following the direction of the flow-lines. 

There are lacunae and small patches of viridite. 

No. fg), 658. In the hand a fine-grained trappoid rock of black 
colour. 

Under the microscope this appears as a clastic rock, an ordinary grit of very 
fine grain. There is a pale yellowish green mineral giving aggregate polarization 
colours between crossed nicols, probably decomposed mica : Magnetite in grains is 
also present. 

No. (ga), 65g. This isulso a fine-grained clastic rock, finer than the last. 
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No. (io)j 66o. In the hand this is a banded mica-schist containing black 
mica and quartz. 

The microscope slide displays a typical crystalline mica-schist, with dark mica 
and a fair amount of orthoclase and plagioclase besides the quartz. The dark 
mica is of olive green tint, though there is a little white mica as an accessory. The 
packets of biotite arrange themselves in among the quartz grains and are sometimes 
bent. In ordinary light the ground-mass of quartz is quite transparent and structure- 
less, save for a few small inclusions, probably minute garnets. With ciossed nicols 
it breaks up into an irregular aggregation of different optical units, most of which are 
irregularly lens-shaped, with the long axes parallel to the foliation, Undulose 
extinction is frequently observable in the quartz. That the rock has succumbed 
to pressure at right angles to the foliation I have no doubt, but it seems to me a 
probable surmise in this case that the rock was formed originally as a mica-schist 
under enormous pressure. 

No. (ii), -5^, 66 1. Macroscopically a dark grey quartzite, 

Under the microscope it appears as a typical quartzite. 

The most noticeable feature in this slide is the abundance of large inclusions in 
the quartz grains. 

No. (12), -^1^, 662. A dark purple quartzite (?). 

Microscopically it contains much felspathic material and might represent a 
metamorphosed arkose. 

* No. (13), 1-1^,663. Macroscopically it is a purplish grey, fine-grained volcanic 
ash (?), 

Under the microscope it contains apparently a fine-grained felsitic ground-mass^ 
with an indefinite parallel-banded structure. ;But it has some cuiious features. The 
whole of the ground-mass does not split up into a mosaic, but there appears to be 
underneath it all a completely isotropic base in which crystalline particles show up 
here and there. 

There are grains of quartz scattered about in the matrix, but they are all much 
split and broken. None of them possess those corroded outlines so common 
among the quartz-grains of quartz-felsites. There are some crystals of felspar with 
binary twins, also much fractured. 

Much opacite occurs in smudgy streaks. 

The nature of the ground-mass, and more especially the slight difference of 
coarseness here and there, together with the angular and fragmentary state of the 
crystalline contents therein, which at the same time are not corroded, lend colour to 
the supposition that the rock is a volcanic ash composed chiefly of felsitic material. 

Besides the general resemblance between Nos. and already alluded to, 
there is nothing but a distant family likeness between other boulder specimens and 
the few slides of Melani and other rocks sent me. The family likeness consists in 
the prevalence among certain specimens in both sets of rocks of a tnore or less 
pegmatoid structure. Identities of type are, however, wanting at present. We can 
gather therefore nothing more than a faint suspicion that the rocks of the Boulder 
bed were originally derived from the south, rather than from the north. 
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Subrecent and Recent Deposits of the valley plams of Quetta, Pishin and 
the Dasht-i-Bedaolat; with appendices on the Chamans ^Quetta; and 
Artesian water supply Quetta Pishin : by R. D. Oldham, 
A.R.S.M., F.G.S., Superintendent^ Geological Survey of India 
(with one Plate). 

Occupying a position intermediate between the highly disturbed tertiary and 
pre-tertiary rocks of the surrounding hills and the undisturbed recent deposits of 
the valley plains of Quetta, Pishin and the Dasht-i-Bedaolat, come the beds which 
were described as gij by Mr. Griesbach,^ and subsequently classed as siwalik by 
Dr. Blanford 3 

Siwalik they may be as regards their age, using the term siwalik for all upper 
tertiary beds ranging in age from miocene up to the latest pliocene, but they must 
not be confounded with the true, or what may be called marginal, siwalik s of the 
outer hills. Th^ contrast is especially striking owing to the close proximity of the 
two types ; in the area intervening between the Boldn and Hainai routes to Quetta 
the hills are fc ,*med of siwalik beds, which extend continuously to within a few miles 
of the Quetta plain, and, throughout this area, they maintain a very constant struc- 
ture. At the base there is often a small thickness of clean grey or greenish sand- 
stones, with a few strings of pebbles or thin Irands of conglomerate, but, with this' 
exception, they show everywhere that increase in average coarseness of texture from 
base to summit, which is one of the most constant features of the true siwaliks. 
Near the base of the section the series is essentially an argillaceous one, the prevail- 
ing rock being a red or brown earthy clay; above this the beds gradually get more 
sandy, till sandstone is the prevailing rock and in this pebbles appear and gradually 
increase in abundance and size, till the uppermost beds are almost entirely coarse 
conglomerates. 

The siwaliks of the valley plains differ radically in structure fiom these. . 'V^'here 
exposed on the northein terminations of the Chehiltan and Mashdlak ranges, the bot- 
tom beds are composed of angular or sub-angular debris of the same cretaceous and 
lower tertiary rocks as form the summits of these ranges ; they are in fact identical in 
structure, appearance, and doubtless in origin, with the talus and fan deposits, which 
are at the present day being formed along the margins of these ranges. These beds 
are succeeded, without the intervention of any well-defined zone of medium grained 
deposits, such as sandstone, by fine grained clays and sandy beds. Where they have 
been disturbed and elevated, these have been cut into a network of low hills, abso- 
lutely bare of vegetation, and showing most conspicuously the blight colouration of 
the material they are composed of. Elsewhere, however, these beds tail off to a 
horizontal dip and cover a large area in the valley plains, extending continuously 
across the valley at Bal^li, and abutting against the foot of the ridge pierced by the 
Murghi pass, where the relation of the high dipping cretaceous limestone to the hori- 
zontal red clays is evidently one of original contact This, taken with the nature 
of the bottom beds in the Chehiltan and Mashdlak ranges, makes it clear that these 

» Mem,, Geol, Surv., Ind. XVIII, i8. 

* Mem,, Geol. Surv., Ind. XX, 115. 
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clays have been deposited since the elevation of the mountains bounding the valley 
plains of Quetta and Pishin. 

The siwaliks of the hills, on the other hand, are as clearly shov/n to be oldei than 
the elevation of these hills, not only by their forming an integral part of them and 
their highest peaks, but by the parallelism of stratification between the lowest beds 
of the siwaliks, and of the- beds on which they immediately rest in unconformable 
contact. There is certainly a considerable lithological resemblance between the 
clay of the valley siwaliks and the clay zone at the base of the siwaliks of the hills, 
and it might be held that these weie originally continuous and had since been sepa- 
rated by the elevation of the hills. On this supposition the junction of the valley 
siwaliks with the cretaceous limestone near Bal^li would be a great faulted boundary, 
the faulting being concealed by a small thickness of subsequent deposits at and near 
the surface; such a supposition is just barely possible were there not weighty reasons 
for rejecting it. The most important of these is the impossibility of accounting for 
the absence of the great thickness of sandstone and conglomeiate, forming the upper 
portion of the siwaliks of the hills, which must formerly have extended over the area 
occupied by the valley plains, and whose complete removal is inexplicable if their 
stratigraphical position were that of conformable superposition on the clays of the 
valley shvaliks. On the other hand, their thickness, close up to the limits of the 
\alleys, shows that, .in their original extension, these conglomerates and sandstones 
must have spread far beyond the piesent limits, determined by disturbance and 
denudation, over the area now occupied by the \ alley Siwaliks, and, as these latter 
cannot be older, the only alternative is that they are newer than the siwaliks of the 
hills. 

The conclusion is strengtnened by a feature in the structure of the siwaliks of the 
hills. Instead of forming a single conformable system, they form tw^o unconform- 
able divisions, of which the older,— that which is leferred to in the preceding 
passages, — was formed before the elevation of the hills and the great disturbance 
of the underlying beds ; the other or newer, which is almost entirely composed of 
conglomerate, dating from a period when the older rocks had not only undergone 
nearly the whole of the disturbance they have been subjected to, but had been 
carved into deep valleys, and the present diainage system to a large extent al- 
ready defined. The newer conglomerates rest with a marked unconformity on 
the eroded edges of the highly disturbed tertiary and cretaceous beds, as well as of the 
older group of the siwaliks. They can be seen in the Gan dak or Sarakhiila valley, 
where their presence has been recorded by Dr. Blanford. 1 hey form part of the 
hills, east of Khanai, and an outlier ot the same conglomerates forms the cap of a 
very conspicuous hill which rises above the railway line between Fuller's camp and 
the Boston valley. 

To the west of KhSnai, the fioithern extension of the Bostdn valley is bounded by 
a ridge whose suiface is covered by a shingle of limestone and chert pebbles, evi- 
dently derived fiom the weathering of conglomerate beds. Owing to weatheiing of the 
beds and the absence of deep-cut stream gorges, no good exposures of rock zn sz'fu 
are seen in the conglomerate zone, but the contour of the hills, no less than the 
structure of the higher parts, shows that the dip of the beds is noith- westerly, and 

’Mem Geol, Surv, Ind. XX p. 185. 
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that these conglomerate beds graduate upwards, with a more gradual transition than 
in the Mashdlak range, into the clay beds of the Pishin valley siwaliks. Now it 
seems natural enough to regard these conglomeiate beds as closely related to those 
which unconformably cap the disturbed beds of the hills, east of Khanai and, as 
these are youngest beds of the siwaliks of the hills and the former the oldest beds 
of the siwaliks of the valleys, the relation between the two is evident. 

It will be seen, from what follows, that these siwaliks of the valleys graduate up- 
wards into the recent deposits of the valleys and that, in spite of local unconformi- 
ties, the process of formation has been continuously going on in one part or other 
of the area under description. We have, consequently, another illustration of the 
two truths that are constantly being borne in on the geologist w^ho works among 
the uppertertiary bedsof extra peninsular India,— -(i) that there is no real distinction 
or constant horizon of demarcation between the deposits of uppermost tertiary and 
of recent age, and (2) that in beds deposited subaerially in a region that has been 
undergoing disturbance and upheaval during the period of their accumulation, the 
stratigraphical value and signification of an unconformity is very different from what 
it has when found among beds of marine origin. 

The siwaliks of the valleys graduate into the next type of deposit to be considered. 
In the Pishin valley the gently inclined siwaliks, which form the low range of hills 
lying between the head-quarters of the district and the broad Pishin plain, have a low 
westerly dip, which gradually flattens off to horizontal, and pass, with perfect transi- 
tion, underneath a series of fine grained, distinctly stratified, alternating beds, mostly 
thin, and varying from fine clay to fine grained sand. Very good sections of these 
beds are exposed in the vertical sides of the numerous nullahs which ramify through 
them, and especially in the high cliffs which border the bed of the Lorah, and their 
distinctly stratified nature proclaims them to have been formed by aqueous action, 
w^hile the absence of anything that could be called a coarse grained deposit, and the 
rarity of even slight traces of false bedding, show that they must have been deposited 
in still water. In these features the beds bear considerable resemblance to a lake 
deposit, and, so far as their appearance is concerned, they might well be of such an 
origin. It is, however, very improbable that, with so small a catchment area, a large 
lake could be formed in the dry climate which appears to have characterized Balu- 
chistan throughout the recent period of geology, nor are there any beach terraces, 
such as one would expect to find had the Pishin valley ever been occupied by a lake. 
But, though it is improbable that a permanent accumulation of water occupied any 
portion of the Pishin valley during the recent period of geology, it is more than pio- 
bable that, before the outlet was deepened by erosion and so allowed the streams to 
cut deep channels through the plain, large areas of it were subject to temporary 
flooding after every heavy fall of rain on the surrounding hills. The water, as it 
left the hills, would carry with it debris of every degree of coarseness, but as soon as 
Its velocity was checked, all the larger particles would be deposited, and the depres- 
sion would be filled with water, bearing only fine particles of mud and sand in sus- 
pension, These, after a while, would subside, and the water would dry up, by the 
combined effect of evaporation and percolation, but the next flood would bring down 
a fresh supply of material to be deposited in a thin layer on the top of what had 
gone before. 
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The process here described can be seen at woik on many of the valley plains of 
the Baluchistdn hills and, as the lowest-lying parts are most often flooded and con- 
sequently receive the largest addition of sediment, one of its most conspicuous 
effects is a diminution of the surface gradients, till they cease to be perceptible to 
the eye. Now, in the Pishin plam, there is a very conspicuous difference in the 
surface gradients of the area occupied by these stratified deposits and that occupied 
by the unstiatified loess which will be described further on. 

From the foot of the hills to the east of the plain, — if we except a narrow zone 
in the immediate neighbourhood of the hills, — there is no perceptible gradient over 
the whole area occupied by the stratified deposits, but, from their limit, the loess 
rises very perceptibly to the north and west, to the foot of the talus slopes of gravel 
This loess slope maiks that poition of the plain which lay too high to be flooded, 
while the rest is the lower-lying poition subject to more or less frequent inundation, in 
which the gradient of the suiface would be less, owing to that more rapid deposition 
in the lower levels which has been referred to above. It might, of course, be urged 
that the present extent of the loess maiks the encroachments made by the dry land on 
to a pre-existing lake before it was finally drained, but, as far as the Pishin plain is 
concerned, the sections in the tributaries from the north, which join the Pishin-Lorah 
near Alizai, conclusively disprove this hypothesis. Instead of the loess being 
found overlying stratified deposits, w^e' find that there is a horizontal transition 
from one to the other. The exact limit of each is not very definite and, to a 
certain extent, they are found to intercalate with each other, a distance of a 
quarter of a mile at places even of a couple of hundred yards, being sufficient for the 
complete replacement of stiatified by unstratified deposits, thus showing that, 
during a period of time represented by the gradual accumulation of over 30 feet of 
deposit, the horizontal limit between the area which was liable to flooding, and that 
which was not, remained much the same. 

In the foregoing description I have only mentioned the stratified deposits in the 
Pishin plain, but it must not be supposed that they are confined to it. It has been 
a matter of convenience to take Pishin as the typical area, because there good 
sections have been exposed by the streams, and there, owing to the red colour im- 
paited to them by the river wash from the siw^aliks, they are more easily recognized. 
In the closed drainage areas of the Dasht-i-Bedaolat and Gwende Dasht similar ac- 
cumulations are being formed, but as they are composed principally of rain wash 
from the loess,^and consequently more uniform in texture, the stratification is 
more obscure, while the absence of good sections, and more especially the identity of 
colour, renders it more difficult to separate them from the true loess.^ 

As seen in the Quetta and Pishin plains the loess is usually of a pale grey or 
yellow colour, fine grained in texture, firm enough to allow it to stand in perpendicular 
cliff of 50 feet or more in height, porous and readily absorbing water and very slightly 
permeable owing to the minute size of the pores. When broken down with water 
the loess forms an impalpable slimy clay which, in drying, retains the shape im- 

’ The term loess is here used, in the sense which it has acquired, to designate a fine 
grained deposit not stratified, or only obscurely so, of .i^olian origin, the sense in fact in which 
it is used by the Baron Von Richthofen in his work on China, and without reference to any 
consideration as to whether it is or is not the same in age or origin as the typical loess of the 
Rhine valley, 
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pressed on it when moist, and is used for the manufacture of bricks of fair quality. 
In the composition of the loess there is always a considerable proportion of carbon- 
ate of lime, so that it effeivesces freely with acid, and this is distiibuted evenly 
through the mass in the shape of minute grains, which are doubtless dust derived 
from the surrounding limestone hills. The other ingredients are equally minute 
granules of quartz and of argillaceous matter, the last enabling it to be used as a 
brick earth while the large propoition of lime renders it very easy to oveiburn the 
brides. Small calcareous concretions, or kunkvr nodules, occur, but they appear to 
be rarer than in the loess of China, and I have not been able to detect the numerous 
veitical tubelets which are described by Von Richthofen. In all other respects, both 
of texture, composition, structure, and in the contour of its suifuce, it agrees perfectly 
with the descriptions of that obseiver. 

There can be no doubt that this type of deposit is really of iEolian origin ; not 
only is the occurrence of finely comminuted limestone, most unusual, if not almost 
impossible, in beds formed by water but the absence of stratification points to the 
same conclusion. Moreover, if deposited by water, it must either have been formed 
at the bottom of a deep lake or in an alluvial plain. The shape of the surface 
would not be inconsistent with the former mode of origin, but there are no traces of 
those shore line terraces which could not but have been found had such a lake 
existed. Were the loess, on the other hand, a subaerial alluvial deposit, we would 
find a plain sloping gently in the direction of the stream, but nearly horizontal in a 
direction transverse to that, or even higher in the centre than at the sides ; such, 
however, is not the shape of tne section across the Quetta or Dasht-i-Bedaolat plain, 
wheie the lowest point is always in the centre, and the ground slopes upwards on 
either side towards the hills. The most conclusive evidence, however, is to be 
found in the widespread distribution, in height, of similar deposit, and its occur- 
rence, in small patches, on the tops of hills and other places where an alluvial 
origin is quite out of the question. 

In none of these beds have I found any fossils; the siwaliks and stratified beds 
of Pishin have not been very closely searched, but I have spent some time trying to 
find remains of shells in the loess. So far, all that has been found are some 
fresh-water shells, of the same species as are now living, in mud dug from some of the 
swamps in the valley. I was also shown a specimen of black clayey matter containing 
fragments of shells in a whitened and extremely friable condition said to have 
come from a depth of 6o feet in the artesian^ boring put dpwn in the Resi- 
dency compound. The shells had been too much broken up by the boring tool 
to be deteimined with certainty, but there is no reason for doubting that they 
v/ere fresh-water shells of existing species. The matrix was undubitably a swamp 
deposit, and apparently quite local in its extent, for it does not appear to have been 
met with in any of the other borings put down close by. 

Of true fine giained alluvial deposits, formed by overflow of streams, as op- 
posed to those formed in temporary stagnant accumulation of flood waters, there is 
little to be seen in the area under consideration. The streams ail flow in narrow 
channels, cut below the general surface of the plain, and in the bottom of these 

* The specirren was not seen by me till after the boring had been completed ; no proper 
record of this was kept, and the determination of the depth from which the specimen 
came depends merely on the memory of the driller in charge. 
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there are occasional stretches of alluvial land, but beyond this nothing. Coarse- 
grained gravel deposits are however abundant and conspicuous in the broad talus 
fans, which spread out from the mouth of every valley, as it leaves the hills. 
They are the often-described '‘fans” or “ Cones de dejection,'* formed of water-borne 
debris of various degrees of coarseness, the actual slope of the surface depending 
on a variety of circumstance's, the principal of which are the volume of water which 
pours dowm in flood time and the average size of the debris carried; it varies from 
about 300 feet to 600 feet per mile, slopes higher than this being found, but, I believe, 
in every case these are due to disturbance subsequent to formation. In the actual 
channels usually followed by the streams the gravel is tolerably clean and easily 
permeable, but over the greater area of the fan, where its suiface is not now washed 
by the streams, the stones are mixed with a varying pioportion of wind-borne dust, 
which may even completely obscure the underlying gravel and form a surface of pure 
loess. Sometimes, as, on the north-east of the Quetta plain, the smooth glacis slope 
of the fan is separated from the hills by a region where the slope is steeper and 
where the gravels have been cut into an undulating surface intersected by valleys. 
The distinction of surface is very marked, and is difiicult to account for unless 
we suppose that part of the fan has undergone disturbance, by which its surface has 
been thrown into a steeper slope than that at which the gravel is naturally deposited, 
and, in consequence, the water flowing off has been able to cut it into hill and 
vale. 

Besides the gravels of the glacis slope or “ Dhdman,” the streams push long 
tongues of gravel over the loess area and, as the streams from time to time have 
altered their courses over the fans, the direction of these tongues has varied accord- 
ingly and they have been successively covered up by the gradual accumulation of 
loess. One of these underground tongues of gravel formed by the Hanna stream 
can be traced near Sherdil, two miles from the edge of the gravel fan, where an 
area of some acres of ground is riddled with kardz shafts, some of which, lying 
along a well-defined line, have struck gravel, while others have found nothing but 
loess. 

These stream deposits have been only cursorily described as they present no 
important features of interest or novelty so far as their structure or mode of occur, 
rence is concerned. Economically, however, they are most important, for it is to the 
tongues of gravel that we must look for a supply of artesian water, while in the fans 
themselves ‘is a source of water-supply which, when tapped by the karez, is a 
most important element in the agricultural economy of these valleys and of all the 
drier parts of Central Asia. 

A digression regarding ihe theory of ihe harez. — As the theory of the karez ‘s a 
matter on which much misconception is prevalent, it will be well to treat of it briefly. 
The ordinary explanation is that an “underground spring” having been discovered, 
a series of shafts connected by tunnels is made, by which the water is brought out to 
the surface. This idea of an underground spring is extremely prevalent and 
owes its origin to the description of the natives who have frequently told me that 
the water entered their karezes from springs. I have scrambled through the un- 
derground passages of some of these karezes to investigate the matter and have 
found, as might be expected, that the description is a natural but misleading one. In 
a few cases the karez does appear to derive its supply from what may without great 
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impropriety be called an underground spring. Sucli are the karezes between KuchUk 
and Baldli which are diiven through impervious siwalik clays up to the foot of a 
limestone ridge; it is not from the siwalik clays that they could derive any supply 
of water, so it is probable that there are here springs issuing from the solid rock. 
A still more striking instance is a short karez at Karani driven, not into either of the 
fans which lie to the north and south of the village buttow^ards the hill where there 
is no stream valley of any size, yet this is not only the shortest but one of the most 
abundant karezes I have seen : here, too, it seems probable that the water is supplied 
by a spring issuing from the solid rock. Such cases are, however, very exceptional, 
and, as a rule, the explanation, both of the real facts and of the origin of the misc^on- 
ception regarding the action of the karezes, is very different. 

As the karezes are never lined in any way, it is impossible to drive them through 
incoherent material charged with water; it w^ould moreover be unnecessary to do so 
as, if an incoherent bed of sand or gravel charged with w^ater w^ere once struck, the 
supply would amply satisfy the desires of the karez- diggers. The karezes, 
then, after they enter ground charged with w^ater, can only be driven through stuff 
which is rendered coherent by a greater or less admixture of cementing material. 
But this cementing material not only renders the ground firm enough to form the 
sides and roof of the tunnel, but lessens the permeability of the ground and, what 
weaie more concerned with, makes it irregularly permeable. When the karez is 
drnen through such a deposit, the water will first of all drain away at those spots, 
where it is most permeable, very probably washing out the fine-grained matrix and 
forming a small channel penetrating to a greater or less distance from the sides of 
the tunnel Into this channel water will percolate and, instead of oozing from the 
sides, enter the karez principally at certain defined spots, giving rise to what are 
called springs. The origin of the commonly held idea is thus natural and easily 
explained, but to call these ‘‘underground springs” is a misnomer and as mis- 
leading as it w^ould be to apply the same name to an ordinary suiface well. 



Fig. I. — Diagram to illustrate the theory of the karez. 

Having stated what is not, it is now necessary to describe what is, the correct 
explanation of a karez. In fig. i a diagrammatic section of one of the gravel slopes 
is represented; the dotted line represents the limit of permanent saturation, 
that is the limit below which the gravels are always charged with water even in thP 
driest season. Such a limit exists everywhere, but the form of its contour depends 
on a variety of conditions, such as the rainfall, discharge of streams at the head of the 
fan, permeability of the gravels, etc., which need not here be considered in detail 
Now, if the karez is driven into this slope, that portion of it which lies below the 
line will drain the sub-soil of its water and discharge this at the outlet. 
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It will be seen from this that in its nature and mode of action the Icarez is only 
a sub-soil drain; in both cases the object is to bring waiter which lies underground 
to the surface, the only difference being that in the one case it is desired to obtain 
the use, and in the other to get rid, of the water. 

From the nature of the case these karezes are affected by the rainfall in a 
marked manner, — a single dry season, and still more a succession of years of defi- 
cient rainfall, causes a diminution in the discharge of the karez. Last year (1890) 
the falling off of water-supply was very widespread and, so far as the diminished 
discharge was only due to the dryness of the season, was not altogether an unmixed 
evil, for it led to an energetic cleaning out and in some cases lengthening of the 
karez which will improve its ultimate capacity. In a new karez, however, the 
failure may be due to another cause, which is more serious, as it permanently affects 
the supply of water, and may make this fall so low as to lead to the abandonment 
of the karez. 

When the karez in fig. i is first made, water will flow freely into it from the 
surrounding gravels in all that portion which lies within the original limit of perma- 
nent saturation. But, after it is completed, a new outlet is provided for the sub-soil 
water, the limit of permanent saturation will adapt itself to the new conditions, and 
ultimately settle down with a profile which may be represented by the line p, 'f, p. 
The subsequent history of the karez will now depend on the relative importance of the 
causes which led to the sub-soil water originally maintaining its le\el along p.p.p. 
If the gravels were tolerably permeable and a considerable supply of water was 
constantly percolating through them, the karez will settle down to a fair 01 abundant 
discharge. If, on the other hand, the amount of water percolating was very small and 
the level of permanent saturation kept up by the impermeability of the gravels, the 
ultimate conditions of the karez will be one of very small discharge. 

I do not know to what extent this cause of failing supply of water has acted, or 
is acting, but there can be no doubt that, except in the case of old-established 
karezes, it must to a greater or less extent be at work. I made many attempts to 
collect information which would bear on this point, but was baffled by ignorance, 
reluctance to impart the information, or an inability, real or pretended, to understand 
the points regarding which information was desired. I was unable even to arrive at 
a trustworthy conclusion as to whether the reputed diminution of supply was as 
common, or as extensive, as was complained of, and this, when we consider how 
many reasons the proprietors have for complaining of a failure of water-supply and 
the absence of any inducement to acknowledge an increased discharge, is not to be 
wondered at. 

As might be expected in a country where water is so valuable and apparently 
so mysteriously capricious in its occurrence, a class of men has arisen which pretends 
to a special knowledge of the underground distribution of water and to them the 
planning of new karezes appears to be principally entrusted. I have not met any 
of these men, but so far as I can gather they seem in some cases to possess a 
certain amount of knowledge, partly inherited, partly the result of observation, of the 
subject they profess. This is doubtless mixed up with a good deal of superstition, 
but as their directions are received with the same implicit belief as their rulers grant 
to the dictum of any self-styled expert, the shaft, sunk on the spot indicated, is 
carried down till it reaches water, whereby the reality of his knowledge is proved, 
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Meanwhile he takes care to conceal the knowledge — if he possesses it — that there 
was no special virtue in the spot selected, and that there are many other places 
where a shaft would be equally certain to strike water, if given the same chance. 
Should water not be found, his employer is probably informed — for there is a close 
resemblance between the various species of the genus expert — ^that he did not go 
deep enough, or that though water was not found just there **the indications are 
very favourable/^ he is recommended to try some other place near by, and, if his 
patience or capital be exhausted before water is obtained, the expert, following the 
example of his kmd, takes himself off to another country where his ignorance has 
not been exposed, there to find that ready credence which mankind is prone to 
yield to a plausible assertion of knowledge and, with better luck, repair his damaged 
reputation. 

The amount of labour spent on some of these karezes, and the depth of their 
numerous shafts, is astounding ; they are fiequently miles in length and the shafts 
near their heads are said to be in some cases 150 feet deep. This is doubtless an 
extreme case, but, when examining the Quetta plain, I found that in many cases the 
shafts at the head of those which drain from the hills, east of the valley, could not be 
plumbed with the 70-feet line I carried with me. These must have taken many 
years and cost large sums to excavate, but it is probable that the whole was not 
made at once, and that they w^ere giadually lengthened at their upper ends, where 
they are deepest out of the profits derived from the w^ater which the original shorter 
channel yielded. 


The Chamans or Artesian Springs of Quetta, 

Among the most remarkable features of the Quetta plain are the numerous 
chamans or chinnas. The first of these words meaning a grassy spot, the second a 
spring, their nature is at once indicated. Riding across the naked plain, bare of 
vegetation where it is lying fallow or after the crops have been reaped, one 
suddenly comes on a green spot and water. Sometimes these are mere marshy 
spots, from which a small driblet of water may trickle away, but more commonly 
there is a pool, and not infrequently a strong spring of clear water issues from the 
soil. 

There is a very conspicuous instance of this to be seen on the western bank of 
the Lorah just where it is crossed by the military road from Quetta to the Ghazidband 
pass. Here a strong spring of clear water witn a discharge of several thousand 
gallons per hour issues from the scarped face of loess, as if from a rock. So too, 
about two miles from Quetta on the road to Saridb, in one of these springs a shoit 
w^ay west of the road, the water can be seen issuing with some force from the 
bottom of the pool. To the west of Quetta there is a series of these springs, 
draining one into the other and finally forming a considerable body of water, which 
has cut for itself a valley of some 20 feet depth in the loess. The great bulk of this 
water issues from the lowest of the springs, a pool of 20 feet diameter with a level 
bottom about 2 feet from the surface : this bottom is not, however, solid, but a very 
mobile quicksand kept in constant motion and surging to and fro by the action of a 
stream of water which is constantly forcing its way upwards from below. In 1888 
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a plummet was sunk into this, by Mr. P. Duncan, Executive Engineer, North-Western 
Railway, to a depth of over 100 feet before it was stopped, most probably by the 
friction of the sand on the sounding-line. From this it w^as evident that the water 
came from a considerable depth through a well-defined channel, and the nature 
of the spring stood confessed as a natural artesian well. 

These springs vary considerably in size ; fiom some there is a copious discharge 
of w^ater, others again barely moisten a small patch of a few feet across, while yet 
another category is formed by those which, though they now have but a small 
discharge, show, by the sand heaped up over their orifices, that the water once issued 
with sufficient force to carr}^ it up from below, the flow having since been 
checked by the falling in of the sides of the channel through wffiich it flowed, by the 
heaping up of sand on the surface, or by both causes combined. 

The most extensive of those belonging to the last categoiy^ that I am acquainted 
with lies w’est of Quetta and covers about a couple of acres of marshy ground. Yet 
this is not a marsh of the type ’^hich is usually seen in the low-lying parts of 
valleys, where the level of permanent saturation rises to the surface, but it is dis- 
tinctly raised above the level of the surrounding country, and on all sides water 
drains aw’ay in small driblets into the lower level of the loess plain. Between this 
and Quetta there is a very perfect little chaman, a low conical mound of about 
20 yards in diameter, and rising some 4 or 5 feet above the level of the plain, at its 
apex, is a small pool of clear w’ater and the whole recalls, on a very 'small scale, 
the description of the Haw’aian volcanoes. Nor is the resemblance merely one of 
form, for there can be no doubt that just as these volcanoes have been built up of 
material poured out from the ciater, so this has been built up of material brought 
fiom below by the w^ater, which for some reason no longer issues with the force it 
used to. 

Whatever may be the underground structure of the Quetta plain, the existence 
of water under pressure has been amply proved by the numerous ‘successful artesian 
wells that have been sunk, but it still remains to be seen how the defined channels 
through the overlying deposits could have been formed before the ^'chamans*' 
ha\e been accounted for. In the case of those from which there is a copious 
discharge of w'ater, it is conceivable that the channel might be kept open during the 
gradual accumulation of the loess, as any dust settling over the spring could be 
washed away as fast as it was deposited. In those far more numerous cases where 
there is little or no discharge such an explanation is not admissible, as there is no 
flow sufiicient to keep the channel open against the continuous raising of the surface 
of the plain, and, in course of lime, all these are certainly doomed to extinction; it 
might be urged that this is so, that these chamans which have so small a discharge 
were once copious springs, whose flow has been gradually reduced as the level of 
the surface was raised by the deposit of loess, and that the chamans, once much more 
abundant than they now are, have steadily diminished in number, as one after the 
other became obliterated by the same cause. The first objection to this is that, 
taking into consideration the great proportion of these springs whose condition is 
such that they would be obliterated by a very small increment to the thick- 
ness of the loess, small, that is to say, in proportion to the total thickness that has 
been deposited, and supposing that their destruction went on at the same rate 
throughout, the original number of the springs would have to be inconceivably great 
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The most serious objection, however, is that the hypothesis is not a real explanation 
of the difficulty ; as long as the water-bearing stratum formed the surface of the 
ground aitesian conditions could not arise, and it is only after it had become 
covered up by a considerable thickness of fiesh deposits that water could accumu- 
late under pressure. Let us assume that only half the present cover was sufficient 
to produce artesian conditions, it is almost as difficult to understand how well 
defined vertical channels could have been made through 50 feet, of so necessaiily 
homogeneous a deposit as the loess, as through 100 feet, and so we are landed once 
more in the same perplexity as before. Were it possible to suppose that these 
chamans marked the sites of old rock springs, whose flow had preserved an open 
channel through the gradually accumulating deposit in the valley, a natural explana- 
tion would be available, but the numerous borings put down at Quetta leave no 
doubt that such is not the case, that water under pressure exists below an extensive 
area, but that only locally and along defined channels does it obtain access to the 
surface. 

The problem then is this, we have a permeable bed or beds containing wa ter 
under sufficient pressure to make it flow at the surface as soon as it is afforded an 
outlet; we have overlying this a thickness of 100 feet or more of deposit homoge- 
neous and practically impervious, except for certain defined channels reaching 
down to the water-bearing bed which can only have been formed after a considerable 
portion, if not to all intents and purposes the whole, of the deposit they penetrate had 
been accumulated. To account for these channels by natural causes seems impos- 
sible and the only resource lies in the hypothesis that they are the work of man, 
that the chamans in fact are in their origin artificial not natural artesian wells. 

The idea, startling as it is, is not so absurd as it seems at first sight, the experience 
of the last two years has showm that the simplest and rudest appliances would suffice 
to put down a bore-hole through the fine-grained loess, and there arc not wanting 
indications that the Quetta valley was once occupied by a race more civilised and 
energetic than the present indolent and apathetic inhabitants. 

Scattered over the Quetta and adjoining plains there are a number of artificial 
mounds, varying in size, of which the largest and most conspicuous is the Miri, or 
citadel of Quetta. Owing to the earth from these .being valued as a manure, 
some of them have been deeply dug into and they can be seen to be entirely of 
artificial origin and gradual growth ; they are composed of innumerable layers of 
ashes and rubbish, mixed with earth, and have grown in size partly by the addition 
of material with deliberate intention of raising their height, but principally by the 
unintentional, steady raising of the level which goes on in every thickly popu- 
lated locality through the constant bringing in of fresh materials for repairs to exist- 
ing and the erection of new buildings. Originally they were probably the refuge 
forts for a race to whom the use of metals was unknown, but in their later stages 
they were occupied by a race which was not only possessed of the art of pottery, but 
made and used well-formed and well-baked bricks of a large size. Besides this, 
during the excavations made in the Quetta mound, Greek coins and a statue of 
Hercules were discovered, which show that the people who owned this fort 3,000 
years ago had intercourse with the Western world. There is no great difficulty in 
supposing that this people possessed the art of boring for water, the difficulty is to 
understand how the art became lost, but an explanation may be found in the long 
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period of anarchy and internecine warfare which the country is known to have gone 
through. 

The explanation mooted here has at least the advantage of accounting for the 
facts; it accounts for the existence of well-defined channels through the otherwise 
homogeneously impervious loess, and it also accounts for the differences in dis- 
charge from the different chamans. I have said that to boie down through the 
loess to the gravel beds is a task which can be accomplished with the simplest of 
appliances, but once the gravel is struck, to carry the borehole further W’Ould require 
appliances which we cannot suppose were at the disposal of these ancient inhabit- 
ants of the Quetta plain. Consequently the discharge from a borehole would 
depend on the nature of the first gravel bed struck. If the gravel were so mixed up 
with loess as to be quite or almost impervious, there would be no discharge, the well 
would soon fall in and become obliterated ; if, on the other hand, the stuff struck 
immediately below the loess were fieely peimeable, the winter would issue in large 
volumes carrying with it quantities of sand, as actually happened in the case of 
some of these chamans. Between each of these extremes every gradation might 
occur, as the greater or less degree of permeability of the w^ater-b earing beds where 
stiuck, and the hydrostatic pressure of the water contained in it, admitted of iSirger 
or smaller discharge into and from the borehole. 

Examples of both extremes of discharge can be found among the artesian bor- 
ings put down during the last two years in Quetta. Two of these, put down by 
hand-power without any casing and carried only as far as the water-bearing bed, 
w^ere sunk in the Residency Surgeon’s compound ; the first of these yielded a 
moderate flow of water, quite sufficient to keep the borehole clear, the second 
struck the giavel where it was less pervious and failed to give any discharge. The 
history of the pioneer well, that at the Railway station, is different. This was put 
down by steam-power with all the appliances w^hich modern ingenuity has perfect- 
ed, \Vhen the gravels were stiuck there was only a moderate discharge, but the well 
was carried on till, at a depth of 140 feet, a freely permeable bed was struck, from 
which the water commenced to flow, bringing with it large quantities of sand, till 
ultimately the well attained a discharge of 20,000 gallons per hour. Had this freely 
peimeable band immediately underlaid the loess, the -water, when first struck, would 
have issued with force, carrying up with it sand and loess washed from the sides of 
its channel, and doubtless ultimately have settled down to a copious spring of water 
similar to those referred to above. 

Such is what appears to me the only feasible explanation of the chamans of 
the Quetta plain. That there are difficulties in the way I do not deny. It is hard to 
believe that the present race of inhabitants ever possessed the art of sinking artesian 
wells and w^e must look to their predecessors, a people who must have differed 
in character and may have been the same as those who built the ghorbastas ” of 
Sarawdn, those extensive and carefully planned masonry works which have attract- 
ed the attention of more than one traveller, which also, like the artesian wells of 
Quetta, were intended to increase the agricultural capabilities of the land. 

The restriction of these artesian springs to the Quetta plain, with the possible 
exception of one near Bostan, and their absence [over the Pishin plain and Dasht-i- 
Bedaolat agrees very closely with the probable limitation of the area in which 
artesian water exists a a depth at which it would be accessible. At Boston easily 
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accessible artesian water is known to exist, but the area over which it is likely to be 
found is very small and the pressure in the solitary boring put down was barely 
sufficient to make it flow at the suiface. Under these circumstances it may be that 
one or two failures discouraged further attempts, or it may be that the pressure and 
flow of w’ater was so small that boreholes, which once existed, have since fallen in. 
It must also be remembered that the sinking of these boi e-holes with the primitive 
appliances available would be a work of time ; the ait may have originated or been 
most energetically carried on in the Quetta plain and, before the full capabilities 
of the other valley plains were developed, an irruption of baibarians destroyed at 
once the civilisation and the skill which had given birth to these undertakings. 

This is, of course, a matter of conjecture impossible to substantiate, what is 
certain is that the chamans of the Quetta plain are essentially artesian wells, that 
the water rises by well-defined channels through a homogeneous and impervious 
cover from an underlying pervious bed, in which it exists under pressure, and that 
the bulk, if not the whole, of this cover must have been deposited before the passages 
were opened between the water below and the air above. These passages may 
have been opened by natural causes, but the most probable explanation, taking all 
things into consideration, is that they s\ere made, with the deliberate intention, by a 
race the very memory of whom has now been forgotten. 


On the mode of occurrence and probable disU ibution of artesian water in . 
the valley plains of Quetta, Pishin^ and the Dasht-i^Bedaolai, 

In an attempt to decide whether artesian water exists under any paiticular spot, 
the first thing is to arrive at a definite conclusion as to the structure of the ground, 
and the cause of the pressure which makes the water rise to the suifacc when taj - 
ped by a borehole. The oi dinary text-book explanation of an artesian well being 
inadequate and altogether inapplicable to the Quetta jilain, it will be necessary, in 
the first place, to consider this question and then pioceed to the application of the 
conclusion arrved at. 

In the case of the Quetta wtlls the ordinary popular explanation is that the pres- 
siii e comes from the surrounding hills, but a very slight consideiation will show' 
that there can be no continuity between the highly-disturbed ancient and indurated 
rocks of the hills, and the soft, nearly hoiizontal deposits of the plain which aie still 
in process of formation, and consequently it is impossible in a general way that the 
pressure of the subterraneous water in the latter can be due to the greater vertical 
elevation of the former. There is, however, a particular ciicumslance of structure 
in which the pressure of the artesian w'ater might come fioni the suiiounding hills. 
If we suppose a subterraneous spring to issue in a patch of coai se-giained permeable 
deposits, /. in plate i, fig. i, such as one of the minor talus fans, and this \ atch of 
permeable deposits to be subsequently covered up and sealed by the deposit of fine- 
grained impermeable beds, Z. of the same figure, there would be a small aiea in 
which a boring would be able to obtain artesian water, whose pressure would really 
be directly due to the water which soaked into the surrounding hills at a higher 
level. Such conditions are probably very exceptional, but the possibility of their 
occurrence must be borne in mind. 
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A more rational explanation of the pressure is that illustrated by the diagram 
section, fig. 2. This figure is analogous to the ordinary text-book explanation of an 
artesian on what may be called the basin theory, and in the case of the Quetta 
plain, such conditions do indubitably exist to a large extent. The rock basms in 
which the recent deposits of the Quetta and neighbouring plans have been formed 
are due to ‘‘ eaith warping,’’ as it has been called, that is, to an elevation of the out- 
let of the drainage at a rate greater than the stream was able to cut downwaids* 
whence the velocity of the current was checked and deposits accumulated over a 
large part of the basin so formed ; the first deposits being coarse-grained permeable 
stream giavels and sands which were afterwaids covered up by fine-grained de, 
posits. The exact propoition of the valley so underlaid by a floor of permeable 
grained deposits would depend on the rate of elevation of the outlet, and 
the original contour of the ground, none of which are now determinable with accu- 
racy; broadly speaking, the floor of coarse-grained stream deposits will be conti- 
nuous over the original main and tiibutary valleys, while the fine-giained deposits 
will be to some indeterminable extent in direct contact with the underlying rock on 
what were originally the spurs. 

But though there is doubtless such a continuous floor of gravels, and though it is 
to this only that we can look for artesian water in the central parts of the valley 
plains, it by no means follows that this is the^source of the artesian water that has so 
far been obtained, and a study of the records of the wells put down, as yet leads to 
a different conclusion. 

The fii st artesian well in Quetta was put down in the summer of i88j. The 
next well in order of time to be sunk was that in the compound of the Political 
Agent, Quetta and Pishin, which also struck water and was followed by a number of 
others, particulars of which, so far as they are available, are given in the appendix. 
If all these wells have been sunk to a layer of porous deposit, which lies directly on 
the locky floor of the valley and is overlaid by the finer deposits, \ve would hardly 
expect to find great differences in the depth at which they struck water, as the upper 
surface of the coarse deposits would be smoothed off to a fairly uniform slope by 
the action of the streams. But if we remember the tongues of stream deposits which 
are thrust forward from the main body of the fans over the surface of the fine grained 
loess, we can arrive at a simple and intelligible explanation. On this hypothesis the 
deep wells would penetrate the older tongues which, when the stream broke away 
fioin its course, became covered up by fine-grained deposits, till, at a later period, the 
stieam ag^iin took a course approximating to its older one and formed the tongue 
from which the shallower wells derive their* water. The conditions here indicated 
are graphically explained in the diagram section, fig. 3, w'hich indicates a condition 
as favourable for the production of artesian wells as that in fig. 2, and is more in ac- 
cordance with the facts at present known. 

The only alternative hypothesis is the improbable, though not impossible, one 
that these wells have all been sunk on to lines of talus debris, and derive their water 
from a subterraneous spring, as is represented in fig. i. Besides its inherent impro- 
bability, the nature of the gravel and sand brought up from the borings, so far as I 
saw it, does not favour this hypothesis. The pebbles were all more or less rounded 
and, especially the fine gravels, showed such signs of the action of running water 
that it is difficult to believe that they were not deposited by a running stream ; 
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a supposition strengthened by the alternation of coarse and fine-grained material exhi- 
bited b) the boring put down in the compound of the office of the Superintending En- 
gineer, Sind-Pishin Railway. The question would soon be settled by a single boring 
carried down through the shallow water belt to the solid rock, or to the fine- 
grained impervious beds which should be found, if the explanation I regard as the 
more probable is the true one. 

It would be too much to expect private enterprise to go to this expense, but see^ 
ing that nearly all the wells sunk, or being sunk, are Government wells, it does not 
seem too much to ask that one should so be driven on, even after water has been 
obtained, and if two or three others were sunk in properly selected spots in the 
neighbourhood of Quetta and driven as deep as possible, unless previously stopped 
by rock, a satisfactory conclusion legarding the true conditions of these wells will 
be ariived at. Nor would this be of merely theoretical interest — that bug-bear of the 
so-called “practical man” — but the knowledge so obtained, by enabling us to pre- 
dict with some approach to certainty the probable result of boring for water at any 
spot, would result in a more economical expenditure and a prevention of the waste 
of money which will be inevitable if the principle followed is that of putting down a 
boring wherever it is thought that water would be desirable, irrespective of any con- 
siderations of the possibility of success. 

In the meanwhile, it is impossible to determine with certainty the exact condi- 
tions under which the artesian water of the Quetta plain occurs, but the evidence 
available is so far in favour of the hypothesis I have suggested, illustrated by fig. 3, 
that I shall adopt this as the best working hypothesis available, and in the portion 
of this report which is devoted to a determination of the areas over which aitesian 
water probably exists, shall base my conclusions principally upon it. 

The Gwende Dasht and Dasht-i-Bedaolat have been least fully examined of any 
of these plains. They are both areas of closed drainage, both are remarkably level 
and characterized by an absence of large fans on their margins, the fine-giained 
deposits of the plains often extending right up to the foot of the hills. This absence 
of fans is due to the absence of any large streams draining on to the plains, and 
such small stieams as do issue from the hills cannot extend far over the plain 
owing to the flatness of the surface. The recent deposits of both these plains seem, 
as far as could be judged when merely travelling along the road, to consist entirely 
of wind-blown loess, which has in many places a distinctly leddish tinge when wet. 
The lowest parts of these plains are, however, regulaily flooded after heavy rain, 
and it is probable that theie finely stratified deposits are formed, though, from the 
nature of the case, no sections can he obseived. 

The conditions here are altogether adverse to the occurrence of artesian water. 
The thickness of the loess is piobably very great, and the coarse-grained beds 
which undeilie it, have been cut off by its extension from any but a very small 
accession of surface-water at the margin of the plain. The very gentle surface 
gradients prevent the formation of long tongues of gravel extending into the plain, 
and the conditions of deposit to which the low surface gradients are due, have pro- 
bably continued through the accumulation of some hundreds of feet of loess. The 
only part where theie is any promise of success is in the extreme north-west comer 
of the Dasht-i-Bedaolat, where a larger stream than usual enters the valley, and 
there is a well-marked, though not very large, fan ; a boring sank a couple of miles 
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from the edge of this might find water, but I cannot regard the prospect as pro- 
mising. 

The watershed separating the Dasht-i-Bedaolat from the Quetta plain is formed 
by great fan-shaped accumulation of loess and gravel. This does not appear to me 
to be altogether a slope of deposit, but largely due to a warping of the surface in 
consequence of differential movements of elevation. However this may be, on 
crossing the watershed we enter a valley plain, which diffe is most markedly from 
the Dasht in the abundance of well-defined and extensive gravel fans, and in the 
distinctly noticeable slope of the surface towards the centre of the plain. The 
valleys of the streams within the hills are in many cases larger than those which 
drain on to the Dasht, and this, combined with the surface slope, enables them to 
send long tongues of gravel out into the plain. To this circumstance appears to be 
due the prevalence of artesian conditions in the centre portion of the Quetta plain, 
as evidenced not only by the successful artesian wells which have been sunk, but 
also by the numerous “ chamans,’’ or artesian springs, which are scattered over an 
area of seven miles fiom north to south, and three miles from east to west, in the 
central part of the valley. 0\er all this area, w^hich includes the whole of the civil 
station and the western half of the cantonment of Quetta, water may be bored for 
with a probability of success; failure is, of course, possible in the sense that at any 
one particular spot the boring may miss the gravel tongues, and fail to find water 
at a depth which would make it worth while boring for. 

To the north, alorg a sinuous line with a general east and west trend, about a 
mile south of Baldli, the red siwalik clays crop out at the surface and form a plain, 
rising slightly above the level of the loess, from vhich some low hills rise to heights 
varying up to about 40 feet. North of Baldli these siwaliks range right across the 
valley and abut against the hills on the east. Owdng to the structure of these beds, 
artesian \vater probably exists under all this area, but at so great a depth as to make 
its extraction unprofitable. 

About Kuchldk a strip of loess separates the siwaliks from the limestone hills to 
the east, and at its southern end is the fan at the mouth of the Murghi pass. Near 
this artesian water might be obtained, but it is doubtful, as the stream and fan both 
appear to be too small to produce the necessary conditions. A borehole was put 
down at KuchUk village in 1890, but without success; failure, however, was only 
w^hat should have been looked for here, as it is too far north to be supplied by the 
Murghi pass stream, and there is no other stream capable of producing the neces- 
sary conditions. 

To the north of KuchMk the siwaliks again extend across the valley and pro- 
bably abut against the hills, though, at the surface, they are covered by talus. East 
of Boston there is a large fan, whose southern margin runs on to the siwaliks, 
doubtless overlying them, and in this direction the chance of finding water is very 
problematical. On the northern slopes of the fan the conditions are different; here 
it tails off into loess, in which the presence of artesian water has been proved by 
the successful well sunk near the railway station. The area over which artesian 
water may be expected to occur, lies northwards from the village of Kasim Kh^in 
and east of the* line of railway, but to the west of a line drawn from the village of 
Kasim Khdn to the railway station, success is problematical, while north of the Hue 
of railway it appears to be impossible. 


J> 2 
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The Pishin plain is more extensive than any of the others and has not as yet 
been fully explored. All the eastern part of it is composed of finely stratified 
deposits, and over this area if artesian water exists at all, it is probably only at such 
a depth that it would not pay to bore for it. Along the northern and eastern 
margins of the plain, un stratified loess like that of the Quetta valley comes in, and 
there are several large fans of gravel. The resemblance in these respects suggests 
the possibility of a similar occurrence of artesian conditions, and I would suggest 
that experimental borings should be put down at about three miles from the edge 
of the Gulist^n fan, in a south-easterly direction from the village, and at a similar 
distance south of the edge of the gravel fan at Alizai on the north of the plain. 

It will be seen from the foregoing that the area over which water may be bored 
or with a prospect of success is much smaller than the expectations of those whose 
hopes have been raised by the successes at Quetta would lead them to suppose. It 
must of course be borne in mind that the conclusions have been based entirely on 
an hypothesis which is not the only possible, though the most probable one. But 
this is of the less importance as we are concerned principally with those areas over 
which water can be obtained at a moderate dep'.h, deep borings being inadmissible 
from their expense where the water is required for agricultural purposes and only 
justifiable where special circumstances necessitate the procuring of a supply of 
water at whatever price it may cost. The area over which water can be obtained 
by borings of moderate depth would not be increased, but rather diminished from 
that described in this report, were any other hypothesis adopted than that on which 
I have based my conclusions. 

SECTIONS OF BORE HOLES AT QUETTA AND BOStAn. 

1. Well at Railway station — 

120 feet loess. 

20 feet gi avel, underlaid by quicksar>d. 

Discharge 20,000 gallons per hour ; hydrostatic head 50 eet. 

2. Well in Political Agent’s compound — 

1 15 feet loess. 

Si feet shingle with a little artesian water. 

2 feet loess. 

Gravel, an abundant discharge of water ^ 

3. Well in Loco, Superintendent’s compound— 

92i feet loess. 

3^- feet gravel with artesian wa*er. 

4. Well in Executive Engineer’s (Railway) compound— 

90I feet loess. 

10 feet gravel, from which water just flowed at surface. 

10 feet loess. 

20 feet coarse sand and gravel, with an abundant discharge o* water. 

Well at Gymkhana — 

77 feet loess. 

10 feet “ hard sandy stuff **. 

8 feet “ indurated sandy lumps”, 

35 feet clay with nodules”, 

3 feet quick sand. 

12 feet hard clay. 

Quicksand with water* 
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6. Artesian well at Boston, as determined from specimens preserved — 

10 — 20 feet pale yellow unctuous clay containing fine grains of silica and 
effernescing freely with acids. Loess. 

20—30 feel the same, but not so fine grained. 

30—40 feet finer than 10—20 feet. 

40 ” 60 feet very like 20 — 30 feet. 

60—80 feet the same with some pieces of calcareous rock, (kunkur). 

80—90 feet same as to — 60 feet. 

100 feet irregular small pebbles of pale grey limestone. 

180 feet still in gravel, discharge of water 2,500 gallons per hour, 

230 feet or thereabouts, entered as siwalik clays. 
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TRI-MONTHLY NOTES. 

No. 10.— Ending 31ST January 1892. 


Director's Office^ Calcutta^ 31st January i8g2. 

The staff of the Survey is distributed as follo\ys : — 

Lower Burma . — Theo. W. Hughes, a.r.s.m., Superintendent. 

P. N. Bose, b.sc., 2nd grade Deputy Superintendent. 

Upper Burma. — C. L. Griesbach, c i.e., Superintendent. 

Fritz Noetling, ph.d., Palseontologist. 

P. N. Datta, b.sc.. Assistant Superintendent. 

Punjab. — ^T. D. LaTouche, b.a., 2nd Grade Deputy Superintendent. 

C. S, Middlemiss, B.A., 2 nd Grade Deputy Superintendent. 

W. B. Dallas Edwards, a.r.c.s,, Assistant Superintendent. 

Sub-Assistant Hira Lai. 

Sub- Assistant Kishen Sing. 

Madras . — ^T. H. Holland, a.r.c.s., Assistant Superintendent. 

Head Quarters, Calcutta — ^The Director; and R. D. Oldham, a.r.s.m., Super- 
intendent. 

Mr, Hughes and his party continue at the tin exploration in Tenasserim : Mr* 
Griesbach accompanied the north-east Burma Column, and afterwards joined the 
Irrawadi, Column in quest of reported ruby occurrences. Dr. Noetling is attached 
to the Northern Column in the Amber and Jade country, Mr. Datta is engaged in 
surveying the country south of Yenangyoung. Mr. LaTouche, with Sub-AssisU 
ant Kishen' Sing, has taken up the survey of the south-east Takht-i-SuIeiman 
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frontier of the Punjab coal and oil series. Mr. Middlemiss and his party continue 
the survey in Hazara. Mr. Holland has visited the Chingleput, Malabar, Nellore> 
and North Arcot districts in connection with his collecting and noting on the iron 
ore tracts in Madras. 

The Director attended the fuel conference at Quetta early in December, and 
fixed on sites for proposed experimental borings for coal and oil at Sukkur on the 
Indus. Mr, Oldham continues at the preparation of the new edition of the Manual 
of the Geology of India. 

List of Reports and Papers sent in to Office for publication or recoid 
during Nov e7nber^ December j8gi^ and January i8g2^ 


Author. 

Subject. 

Disposal. 

R. B. Foote . 

j Geology of the Bellary Dis- 
trict. 

Will appear as Part I, Vol xxv 
Memoirs of the Geological Survey 
of India. 

J. W. Gregory (British 
Museum). 

The Jurassic Echinoidea of 
Kucb. 

Will appear as Part I, Vol 11 , Ser. 
IX, of the Palseontologia Indica. 

P. N. Bose . 

I. The Igneous Rocks of Dar- 
jiling and Sikkim. 

Record. 

,, * ■ • 

2. On the elevation and dis- 
turbance of the Sikkim 
Himalaya. 

Record, 

C. L. Griesbach , 

j 

i 

Geology of the Safed Koh 

Will appear in the Records, Geo- 
logical Survey of India, for May 
next. 


Report on the work done in the Laboratory of the Geological Survey of 
India during November, December 1891, and January 1892; by 
Thomas H, Holland, A.R.CS., F.G.S., Geological Survey of India* 

I. The Conversion of Anhydrite into Gypsum. ^ 

Since the publication of my note on the specimens of “ gypsum '' collected by 
Mr, Wynne in the Salt Range, I have had the privilege, through the kindness of Dr. 
Warth, of examining the original specimen to which Mr. Wynne refers in his memoir 
as containing, according to Dr. Warth’s analysis, 5 per cent, of water.^ 

The results I have obtained confirm in every respect the evidence obtained from 
the specimens in the collection of the Survey Museum ; and, at the same time, ex- 
plain clearly the suggestion made by Mr. Wynne as to the composition of the hard 
nodules in the Salt Range gypsum. 

If the analyses of the hard nodules had given a constant result of 5 per cent, of 

^ A continuadon of ** Chemi'car and Physical Ncxtes on Rocks from the Sait Range, Punjab,” 
by the same author, Rec., GeoL Sutv. of India, Vol, 3Kxiv, p. 233. 

s Mem., GeoL Surv. of India, Vol. xiv, p. 74. 
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t^^ater within the reasonable variations attributable to inaccuracies of experimental 
methods, Mr, Wynne’s suggestion of the existence of a compound like ‘*semi-anhy- 
diite ’ would be a most natural one. But, whilst I find the specimen analysed by Dr. 
Warth contains, as he states, about 5 per cent, of w^ater, that result is true only for 
the portion of the specimen froin which Dr. Waith ohtamed his fragment for 
analysis. All other parts of the specimen exhibit variations in composition in the 
same irregular way as those already in the collection, and which I have described 
in my note.^ If Dr. Warth had, therefore, taken a second fragment for analysis 
instead of repeating his experiments on the ist piece, the results would have been 
widely different. The following results have been obtained in the examination of 
separate fragments taken from the original specimen analysed by Dr. Warth.^ 

Four fragments were broken off — two from the fresh surface from which 
Dr, Waith had evidently taken a piece for his analyses ; the remaining tw 0 fragments 
were selected from other parts of the specimen. 

The first two pieces, it will be seen, do not disagree greatly from Dr. Warth’s 
anal) ses— 
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A qualitative chemical analysis made by Mr. T. R. Blyth shows the rock to be 
composed almost wrholly of sulphate of lime and water. Mr, Blyth has found no 
trace of magnesia, but carbonate of lime sometimes occurs in minute quantities. 
As in the results obtained during the examination of the other specimens, the water 
found by ignition is invariably less than that calculated from the specific gravity of 
the fragment. 

I have examined, under the microscope, sections of Dr. Warth’s specimen and 

^ Rec., Geol. Surv., Ind., Vol. xxiv (1891), pp. 235^44, and plates I and 11 . 

* The method adopted is precisely that described in my former note Qoc cii , p. 236)— 
the piece having its specific gravity first determined is crushed and the •mhole oi the powder 
used in analysis. 
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they agree precisely with the description given in the previous number of the 
Records, of Mr. Wjnne’s specimens. Cr}^stals of anhydrite, with characteristic 
cleavage and twinning, are imbedded in gypsum. 

The same disposal of the constituents to produce an ophitic structure^ charac- 
terizes the sections of this rock ; and the same tendency to a schistose arrangement 
of the anhydrite-fngments, due undoubtedly to the hydration of the sulphate of 
lime, and coincident expansion to form gypsum. 

Although I think there is now no doubt concerning the derivation of these 
gypseous masses from anhydrite, there seems no reason why the anhydrite may not 
have been simply de-hydrated gypsum. Upon this point the facts obtained in the 
laboratory can offer no evidence, and it becomes a question for the workers in the 
field to decide. I can only say that the gypsum is not of immediate sedimentary 
origin, and this agrees so far with the conclusions of Mr. Middlemiss as to the origin 
of the salt-marl. 


List of Assays and E Kami nations made in the Laboratory^ Geological 
Survey of India ^ during the months of November and December 
18 g I and January i8g2. 


Substance. 

For whom. 

Result. 

Coal, for assay 

P. Gisborne & Co., Cal- 
cutta. 

Proximate analysis and calorific power 
determined. 

4 specimens of quartz, for 
gold. 

Barry & Co., Calcutta . 

Assayed for gold. 


I specimen of quartz, for 
gold. 

D.tfo 

Ditto. 


Coal, from Kasaullia val- 
ley, 2 miles east ot Kal- 
ka, for assay. 

C. L. Griesbach, Geolo- 
gical Survey of India. 

Quantity received • 
Moisture 

Volatile matter 

Fixed carbon . • 

Ash 

. 8 fbs. 

. I 24 

. 16*52 

- 37*82 

* 44*42 



Cakes strongly. 

Ash— -dark red. 

100*00 


^ In using the term ** ophitic,’* I am aware of the fact that the ophitic structure of igneous 
rocks and the structure of these anhydrite-gypsum rocks are widely different in origin. The 
occurrence’of a schistose arrangement of the anhydrite, together with this so-called intergrowth 
of ‘ ophitic* gypsum is worthy of note as an indication of the fact that the gy^ sum is younger 
than the anhydrite, being, in fact, derived at the expense of the latter mineral. A somewhat 
anafogous arrangement is conceivable in an igneous rock : a basic magma with porphyritic 
crystals of felspar might be irrupted as a dyke, and, cooling under conditions of quiescence 
give rise to an ophitic disposal of a ugite around the minerals previously consolidated, whilst 
the felspars {porphytiiic^ of Rosenbusch) are arranged in directions parallel to the face of the 
dyke or direction of flow. Such a case I have described from amongst the rocks collected by 
Mr. Gowland in Korea {Quarts yourn., Geol, 5 or., vol. XLVII (1891), p, 185). Notwithstand- 
ing the points of difference in these structures, I do not feel justified in suggesting a separate 
name for the structure of the anhydrite-gypsum rock. 
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Snbstance. 

For whom. 

Result. 

Quartz, with sjalena, for 
gold and silver. 

Barry &, Co , Calcutta . 

Assayed for gold and silver. 

Alluvial earth, for gold 

J. T. B\bonau, Sub-Di- 
visional Officer, Pala- 
mow. 

Contains no gold — the shiningp articles 
referred to are minute scales of mica. 

Quartz, for gold 

Barry & Co., Ca’cutta . 

Assayed for gold. 

% specimens of quartz, for 
gold. 

H T. IvATT, Coonoor, 
Nilgiris. 

' Ditto. 

1 

2 specimen'? of minerals, 
for determination. 

F. Anderson, Lohardug 

■ ga. 

Augite—large crystals. 

Magnetite, haematite, and titanoferrite 
in schist. 


Notifications by the Government of India durinothe 7nonths of November 
and December iSgr and Ja^inary j8n2^ published in the Gazette of 
India fi Fart L— Appointment Confirmation^ Promotion^ Reversion 
and Retirement, 


Departmeht. 

Number of 
order 
and date. 

Name of 
officer. 

From 

To 

Nature 

of 

Appoint- 

ment, 

&c. 

With 

effect 

from 

Remarks. 

Revenue and 
Agr i c u 1 - 
tural De- 
partment. 

=«S 4 o 

8' Sur- 
veys, dated 
loth De- 
c e m b e r 
i8gi. 

R. D. Oldham 

1 

De p u t y 
Superin- 
tendent, 
1st grade 

Superin- 

tendent. 

Substan- 

tive, 

1st Oc- 
tober 
1891. 



Notification by the Government of India during the months of November 
and December i8gi^ and January iSgZy published in the Gazette of 
India f Part L — Leave. 


Department, 

Number of 
order 
and date. 

Name of officer. 

Nature of lea e. 

With effect 
from 

Date of 
return. 

Remarks. 

Revenue and 
Agricul- 
tural De- 
partment. 

Surveys, 

dated 26th 

November 

1891. 

T. H. D.LaTou- 
che. 

Furlough 

24th MsTy 
i 89 i‘ 

7th No- 
vember 
1891. 
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Annual I ncrements fo graded Officers sanctioned hy the Government of 
hidia durmg August^ September and October i8gi. 


Name of Officer. 

From 

To 

With effect 
from 

No. and date of 
sanction. 

Remarks* 

T. H. D. LaTouche • 

620 

600 

ist April 
1891. 

1 

I 

[ 

Revenue and 

As:ricultural 
Department, 

No. ~ Sur- 

veys, dated 

j 21 st November 
1891, 


C. S. Middlemiss 

580 

620 

1 1st Novem- 
ber 1891, 

1 

Revenue and 
Agricultural 
Department, 

No 2497, Sur- 
veys, dated 

1 8th November 
1891. 


F. Noetling • • J 

620 

660 

1st October 
1891. 

Revenue and 
Agricultural 
Department, 

Sur. 

36 

veys, dated 

17th December 
1891. 

- 


Postal a7id Telegraphic Addresses of Officers. 


Name of officer. 

Postal address. 

Nearest Telegraph office. 

T. W. H. Hughes 

• 

• 

• 

Mergui • 

• • 

* 

Tavoy. 

C. L. Griesbach 

* 

• 

• 

Bhamo 

• • 

• 

Bhamo. 

R. Oldham • 

• 

• 


Calcutta ► 

• * 

• 

Calcutta. 

N. Bose . • 


• 

• 

Mergui 

• • 


Tavoy. 

T, H. D. LaTouche 

• 


• 

Dera Ismail Khan 

« 

Dera Ismail Khan. 

C. S. Middlemiss 

# 



Abbottabad 



Abbottabad. 

W. B. D. Edwards 


• 

V 

Do. 



Do. 

P. N. Datta 


• 

• 

Thayetmyo 



Thayetmyo. 

F. NOETLiNa • 

» 



Mogaung 


* 

Mogaung. 

Hira Lal « 

• 

« 

% 

Abbottabad 


* 

Abbottabad. 

Kishsn Singh . 

• 

« 

• 

Dera Ismail Khan 


Dera Ismail Khan. 
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DONATIONS TO THE MUSEUM. 

From ist November 1891 to 31ST January 1892. 

2 specimens of asbestos, from Banswarra, Western Malwa. 

Presented BY Raghonath Rao Yadqw Bhagvat, Secretary, Cooncil op 

Regency, Gwalior State. 

Large sheets of mica in crystals, and sheets cut for the market, and smaller crystals of 
mica and pegmatite from Inikurti and Utkoor, Neliore district. 

Presented bt E, H. Sargent, Inikurti. 

Crystals of garnet and apatite, from Nellore. 

Presented by J. H. Brougham, Conservator of Forests, Nellore. 


ADDITIONS TO THE LIBRARY. 
From ist October to 31ST December 1891. 


TihUs of Books. Donors* 

Blackburn, Charles F.— Hints on Catalogue Titles and on Index Entries, with a rough 
vocabulary of terms and abbreviations, chiefly from Catalogues, and 
some passages from journeying among books. 8® London, 1884. 

Darwin, C. — A Naturalist’s Voyage round the World in H. M.’s Ship “ Beagle.^* 
8® London, 1890. 

Dawson, Sir J. IF.—Geology of Nova Scotia, New Brunswick and Prince' Edward 
Island, or Acadian Geology. 8° London, 1891. 

Ditte, Alfred . sur les M 4 taux Professdes a la Facultd des Sciences de Paris. 
Fasc I. 4® Paris, 1891. 

Geikie, .drc/z/SaZi?.— Class-Book of Geology. 8® London, 1891. 

Geikie, Archibald.^OM\!im&s of Field Geology. 8** London, 1891. 

Gunther, Dr. Handbuch der Mathematischen Geographie. S'* Stuttgart, 

1890. 

Heilprin, The Geographical and Geological Distribution of Animals. 8° 

London, 1887. 

Hettner, Dr. Gebirgsbau Und Oberflachenges taltung der Sachsischen 

Schwei2;. 8^ Stuttgart, 1887. 

Holmes, Thomas Vincent and Sherborn, C. Dames.^i^ Record of Greological 
Excursions made between i860 and 1890. 8° London, 1891. 

Klein, Dr. H. ^^.—Jahrbuch der Astronomie und Geophysik. L Jahrgang 1890. 
8® Leipzig, 1891. 

Kuntz, G. F.— Gems and Precious Stones of North America. 4° New York,. 1890. 

Lockyer, J. at.— S tudies in Spectrum Analysis. 8® London, 1886. 

Marcou, Autobiographical Notice of Ebenezer Emmons, 8^ Pam., 1891. 

The Author, 

Marcou, Geology o£ the Environs of Quebec, with Map' and Sections. 8° 

Pam., 1891* The Author. 

I 
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Titles of Bools. rs. 

Nehring, Dy. Alfred.-^\}dotv Tundren und Steppen der Jetzt und Vorzeit mit beson- 
derer BerucTssichtioung" ihner Fauna. 8° Berlin, 1890. 

Priem, Evolution des Formes Animales avant Tapparition deThomme 

8® Paris, 1891. 

Richardson, B, W — Diary and Life of Thomas Sopwith. 8® I.ondon, 1891. 

ScHELLEN, Dr, iV.— Spectrum Analysis in its Application "to Terrestrial Substances and 
the Physical Constitution of the Heavenly Bodies. 2nd Edition. 8" 
London, 1885. 

Solms-Laubach, H. (r/'fl/lgr?/.— Fossil Bot'ny, being an introduction to Palaeophytology 
from the Standpoint of the Botanist. 8° Oxford, 1891. 

StEiNHAUSER, Anton . — Grundzuge der Mathematischen Geographic und der Landkar- 
ten Projection. 8® Wien, 1887. 

Trton, George IV. — Manual of Conchology. Vol. XII, part 495 and 2nd series, 
Vol. VI, part 25. 8® Philadelphia, 1891. 

Tyndall, — The Forms of Water in Clouds and Rivers, Ice and Glaciers. loth 

Edition. 8° London, 1889. 


PERIODICALS, SERIALS, &c. 

American Journal of Science. 3rd series, Vol. XLII, Nos. 250-251. 8® New Haven, 
1891, The Editors. 

American Naturalist. Vol. XXV, Nos, 294-296. 8® Philadelphia, 1891^ 

Annalen der Physik und Chemie. Neue Folge, Band XLIV, heft 2-3. 8® Leipzig, 
1891. 

Annales de Geologic et de Paldontologie, Livr. 9. 4® Palermo, 1891. 

Annales des Sciences Geologiques. Tome XXL 8® Paris, 1891, 

Annals and Magazine of Natural History. 6th series, Vol. VIII, Nos. 46-48. 8^ 
London, 1891. 

Athen^um. Nos. 3334-3345- 4® London, 1891. 

Beiblatter zu den Annalen der Physik und Chemie. Band XV, Nos. 4 and 5-1 0. 8® 
Leipzig, 1891 

Chemical News. Vol. LXIV, Nos. 1660-1671. 4® London, 1891. 

Colliery Guardian. Vol. LXII, Nos. 1603-1614. Fol, London, 1891. 

Geological Magazine. New series. Decade III, Vol. VUI, Nos. lo-ii, 8® London, 
1891. 

Indian Engineering. Vol. X, Nos. 14-24 and 26. Fisc. Calcutta, 1891. Pat. Doyle. 

Iron. Vol. XXXVI 1 1 , Nos. 97S-986. Fol. London, 1891. 

London, Edinburgh, and Dublin Philosophical Magazine, and Journal of Science. 5th 
series, Vol. XXXII, Nos. 197-199. 8® London, 1891. 

Mining Journal. Vol. LXI, Nos. 2925-2936. Fol. London, 1891. 

Nature. Vol. XLIV, No, 1142 to Vol. XLV, No. 1153. 4"" London, 1891. 

Neues Jahrbuch fur Mineralogie, Geologic und Palseontologie. Jahrg. 1891, Band II, 
heft 3. S® Stuttgart, 1891. 

Repertorium zum Neuen Jahrbuch fur Mineralogie, Geologie und Palaontologie fur die 
Jahrgange, 1885-1889, und die Beilage-Bande III-VI, Von. Dr. Leo- 
pold van Werveke, S® Stuttgart, 1891, 


2 
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THles of Boohs* Dofiors* 

Petermann’s Geographisclier Mittheilurgen, Bard XXXVII, Nos, Q-ii. 4® Gotha 
1891* The Editor. 

The Indian Engineer. Vol. XII, Nos. 234-^44 and 246. Fisc. Calcutta, 1891. 

J. McIntyre. 


GOVERNMENT SELECTIONS, REPORTS, etc. 

Bombay. — Brief Sketch of the Meteorology of the Bombay Presidency, 1890-91. Fisc. 

Bombay, 1891. Meteorological Reporter, Bombay. 

„ Selections from the Records of the Bombay Government. New series. No. 

202. Fisc. Karachi, 1891. Bombay Government, 

India.— Administration Report of the Baluchistan Agency for 1889-90. Fisc. Calcutta 
1891. Foreign Department. 

„ Administration Report of the Persian Gulf Political Residency and Muscat 
Political Agency for 1890-91. Fisc. Calcutta, 1891. 

Foreign Department. 

„ Selections from the Records of the Government of India, Foreign Department, 
Nos. 278 and 280. Fisc. Calcutta, 1891, Foreign Department. 

„ History of Services of Officers holding Gazetted appointments in the Home, 
Foreign, Revenue and Agricultural, and Legislative Departments, cor- 
• rectedto ist July 1891. 8° Calcutta, 1891. Government op iNDfA. 

„ List of Civil Officers holding Gazetted appointments under the Government of 
India, in the Horae, Legislative, Foreign, and Revenue and Agricul- 
tural Departments, corrected to ist July 1891. 8® Calcutta, 1891. 

Government of India. 

„ List of Officers in the Survey Department and in the offices of the Meteorolo- 
gical Reporter to the Government of India; Truste^, Indian Museum ; 
Reporter on Economic Products; Director, Botanical Department, 
Northern India; and General Superintendent, Horse-Breeding De- 
partment ; corrected to 1st July 1891. 8° Calcutta, 1891. 

Government of India. 

„ Quarterly Indian Army List, New series. No. 9. 8® Calcutta, 1891. 

Government op India. 

„ Report on the explorations of Sikkim, Bhutan, and Tbet. Fisc. Dehra Dun, 
1889. 

„ Statement showing quantities and values of Minerals and Gems produced in 
each British Province and Native State of India during the calendar 
year 1890. Fisc. Calcutta, 1891. 

Revenue and Agricultural Department, 


TRANSACTIONS, PROCEEDINGS, etc., OF SOCIETIES, SURVEYS, etc. 

Batavia.— Dagh-Register gehonden int Easteel, Batavia, vant passerende daer ter plaetse 
als over geheel Nederlandts-lndia Anno 1663. Van J. A. Van Der 
Chijs. 8° Batavia, 1891. Batavian_Society. 

3 
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Titles of Boohs. Donors, 

Batavu.— Notulen van het Bataviaasch Genootschap van Kunsten en Wetenschappen. 

Deel XXIX, afl. 2. 8® Batavia, 1891. B4Tavun Society. 

„ Tijdschrift voor Indische Tad— Land-en Volkenkunde. Deel XXXIV, afl. 

6. 8° Batavia, 1891. Batavian Society, 

BERLiN.—Zeitschriftder Deutschen Geologischen Gesellschaft. Band XLIII, heft 2. 8° 

Berlin, 1891, The Society. 

Boston. — Proceedi^ gs of the Boston Societ} of Natural History, Vol. XXV, Part i. 

8° Boston, 1S91. The Society. 

Brisbane, — Annual Report of the Trustees of the Queensland Museum for 1890. Fisc. 

Brisbane, 1891. The Museum. 

„ Proceedin4»s and Transactions of the Queensland Branch of the Royal Geo- 
graphical Society of Australia. Vol. VI, Part II, 8° Brisbane, 1891, 

The Society. 

Brussels. — Bulletin de la Societe Royale Beige de Geographie. Ann^e XV, No. 5. 

8^ Bruxelles, 1891. The Society, 

Calcutta— Arch jeological Survey of India. The Monumental Antiquities and In- 
scriptions in the North-Western Provinces and Oudh, described and 
arranged by A Fuhrer, Ph D. 4° Allahabad, 1891. 

The North-Western Provinces and Oudh Government. 

« Epigraphia Indica and Record of the Archseological Survey of India. 

Part VIII. 4® Calcutta, 1891, The Survey. 

„ Proceedings of the Asiatic Society of Bengal. No. 9, 8® Calcutta, 1891. 

The Society. 

„ Surve} of India Depa'*tment Notes for September and October 1891. Fisc. 

Calcutta, 1S91. Survey op India. 

Cambridge.- Pi oceedings of the Cambridge Philosophical Society. Vol. VII, part 4. 

8® Cambridge, 1891, The Society. 

Cambridge, — Bulletin of the Museum of Comparative Zoology. Vol. XVI, No. 

10. 8^* Cambridge, Mass., 1891. The Museum. 

Dublin.— Scientific Proceedings of the Royal Dublin Society. New series, Vol. VI, part 
10, and VII , parts 1-2. 8° Dublin, 1S91. The Society. 

„ Scientific Transactions of the Royal Dublin Society. Series II, Vol IV, parts 
6-8. 4° Dublin, 1891. The Society. 

Edinburgh.— Scottish Geographical Magazine. Voh VII, Nos. 10-12. 8® Edinburgh, 
1891. Scottish Geographical Society. 

Frankfort.— Abhandlungen von der Senckenbergischen Naturforschenden Gesellschaft. 
Band XVI, heft 3-4. 4® Frankfort-t-M., 1891, 

Geneva.— Memoires de la Society de Physique. Tome XXI, part i. 4® Geneve, 1890- 
91- The Society. 

Lausanne.— Bulletin de la Socilte Vaudoise des Sciences Naturelles. 3“®s^rie, Vol. 

XXVII, No. 104, Lausanne, 1891. The Society. 

Leide.— Annales de FEcole Polytechnique de Ddft. Tome VII, liv. 1. 4® Lelde, 1891* 

L’Ecole Polytech., Delft* 
Leipzig.— Wissenschaftliche Veroffentlichungen des Vereins fur Erdkunde zu Leipzig. 

Band I. 8® Leipzig, 1891. The Society. 
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Additions to the Library. 


Titles of Books, Donors. 

London. — Journal of the Society of Arts. Vol. XXKIX, No. 2026 to Vol. XL, 
No. 2036. 8° London, 1891, The Society. 

„ Philosophical Transactions of the Royal Society of London. Vol. 181 A and 
B. With List of Fellows. 4° London, 1S91. The Society. 

„ Proceeding’s of the Royal Society of London. Vol. L, No. 302. S’ London, 
1891. The Society. 

„ Proceedings of the Royal Geographical Society. New series, Vol. XIII, 
No. 9. 8® London, 1891. The Society. 

„ Proceedings of the Zoological Society of London. Parts II and III. 8° 
London, 1891, The Socifty. 

„ Transactions of the Zoological Society of London. Vol. XllI, part 3. 4° 
London, 1891. The Society. 

„ Quarterly journal of the Geological Society. Vol. XLVII, No. 188. With List 

of Fellows. 8“ London, 1891. The Society. 

„ Systematic List of British Oligocene and Eocene Mollusca in the British 

Museum. 8° London, 1891. The Museum. 

Madrid. — Boletin de la Sociedad Geografica de Madrid. Tome XXXI, Nos. 1—3. 

8° Madrid, 1891. The Society. 

Manchester. — Memoirs and Proceedings of the Manchester Literary and Philosophical 
Society, 1890-91, 4th series, Vol. IV, Nos 4—5. 8® Manchester, 1891, 

The Society. 

Melbourne. — Reports and Statistics of the Mining Department, Victoria, for the 
quarter ending 30th June 1891. Fisc. Melbourne, 1891. 

Mining Department, Victoru. 

0X1 ord.— Catalogue of books added to the Radcliffe Library, Oxford University 
Museum, during the year 1890. 4° Oxford, 1891. The Museum. 

Paris.— Annalcs des Mines. sdrie. Tome XIX, livr. 3 8° Paris, 1891. 

Department of Mines, Paris. 

„ Bulletin de la Soci^td Gdologiquede France. 3®‘'sdrie, Tome XVIII, No. 9, and 
XIX, No. 6. 8® Paris, 1889-90. The Society. 

„ Comptc Rendu des Seances de la Socidld de Gcographie, Nos. 16—17. 8° 
Paris, 1891. The Society. 

Philadelphia. — Journal of the Franklin Institute. Vol. 132, Nos. 3 — 5. 8® Philadel- 
phia, 1891. The Instituie. 

Quebec.— Transactions of the Literary and Historical Society of Quebec. No. 20, 
Sessions of 1889 to ibQi. 8° Quebec, 1891. The Society. 

Rome.— Atti della Heale Accademia dei Lmcei. Sdrie IV, Rendiconti, Vol. VII, Se- 
mestre II, fasc. 4—8. 8® Roma, 1891. The Academy, 

St. Petersburg.— Memoires de I’Acaddmie Impeiialc des Sciences. Tome XXXVIII, 
No. 3. 4® St. Petersburg, 1891. The Academy. 

Sydney.- Annual Report of the Department of Mines, New South Wales, for the year 
1890, Fisc. Sydney, 1891. 

Department op Mines, New South Wales. 

„ Proceedings of the Linnean Society of New South Wales. 2nd series, 
Vol. VI, part I. 4® Sydney, 1891. The Society* 

„ Records of the Australian Museum. Vol. I, Nos. 8—9. 8" Sydney, 1891. 

The Museum, 

5 
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THIbs of Boohs Donors. 

Vienna.— Verbardlungen der K. K. Geologischen Reichsanstalt. Nos. 8 to 14. 8® 

Wien, 1891. The Institute. 

Washington.-* Annual Report of tbe Board cf Regents of the Smithsman Institution 
to July i8Sg 8° Washington, 1890. Thp Institution. 

Wellington.— Reports on the Mining Industries of New Zealand, 1801. Fisc Wel- 
lington, i8gi. Mining Dfpartmeni, New^ Zealand. 


MAPS. 

Paris — Carte Gdologique d^taillee de la France. Sheets 28, So, 105, and 183. Map, 
Paris, 1S91. GEOLf gical Survey ot France, 
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Note on the Locality of Indian Tscheffkinite, by F. R. Mallet, late 
Superintendent, Geological Survey of India. 

The rare and interesting mineral, from Southern India, subsequently identified 
as tschefikinite, vitsls obtained by M, Leschenault de la Tour in 1817 or 1818, during 
his travels for the Museum d'histoire naturelle at Paris- Occupied mainly in botan- 
ical and zoological pursuits, M. Leschenault appears to have been able to give 
but a secondary place to geology and mineralogy, and some, at least, of the 
minerals he obtained were identified, not by himself in the field, but by others in 
the laboratory many years later. Amongst these were the tscheffkinite specimens, 
the nature, of which, indeed, could not have been ascertained without analysis, as the 
mineral was, previous to the examination of Leschenaull's specimens, entirely 
unknown. Its outward appearance is not strikingly suggestive of any peculiar 
interest, and hence, perhaps, the fact that in the account of his journey^ there is no 
allusion of any kind to the substance in question, and, consequently, no direct 
indication of the locality where it was found. But it seems at least equally, if not 
more, likely that this omission is due to M. Leschenault having not obtained the 
specimens himself in situ, but been given them by M. Healt (sic)? concerning 
whom he writes » — ** Mv mineralogical collection has been principally enriched by 
the gifts of M. Healt, adjunct and brother-in-law of M. Carpenter, commercial 


1 Relation d’un voyage k Karikal et k Salem j du Mmtum naiutcUe, 

t. VI (1820), p. 329* 

* Is this the Mr Heath who, some years later, was connected with the Porto Novo Iron 
works, and who has left an account of the Salem ores which were smelted there ? 

8 Op. at., p. 344- 
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resident” (at Salem), “He collects ever}ihing of mineialogical interest that is 
obtainable in the country, and he has had the goodness to give me noany specimens 
of corundum, the ore of native iron,^ garnets,’' etc. 

The substance was first analysed by Langier in 1825, who calls it merely 
un mineral noir de la c6te de Coromandel.”^ This extremely vague, and, as it 
now appears, incorrect, locality has since then been assigned to it by mineralogical 
authors generally. The rarity of the mineral, which seems to have been found in 
only three places,— Southern India, the Urals, and Virginia— in none of which more 
than a few specimens have been obtained, makes it desirable that the spot in India 
where it occurs should be accurately known ; the more so as very few indeed of 
Leschenault’s specimens of it are now forthcoming. I have been lately infoimed by 
M. A. Lacroix that none are to be found in any of the public collections of Faris^ 
There is, however, a small piece in the British Museum at South Kensington, with a 
written label underneath it, which I copied some years ago, and which runs as 
follows “ Mineral brun de Coromandel (Beudant, p. 652).— Fiagment du morceau 
rapportd par Leschenault et analyst par Langier, Loc., Kantamala, Cote de Coro- 
mandel, parait ^tre une viaie Tscheffkinite d’aprbs la nouvelle analyse encore in- 
achevde de M. Damoar (Juillet, 1861) When writing Part IV of the Manual of 
the Geology of India, in Calcutta, I was unable to tiace the position of Kantamala. 
I had not access then to LesehenauIFs original memoir, which now lies before me, 
3t does not contain very much geological information, and, as previously remarked 
does not allude to an} thing resembling tscheffkinite. But on page 344 there is the 
following passage At about two leagues ^ to the south-south- west of Salem, in 
the mountain of Kantiamal6, there is a sandy iron-ore that is collected in the ravines. 
It is very rich. The iron that is smelted from it produces an excellent steel/’s 

I do not think anyone conversant with the latitude that obtains in the spelling of 
Indian names, and specially in those of Southern India, will feel much doubt that 
< Kantamala' of the British Museum label, and * Kantiamald are the same. It 
is true that * Kantiamald ' is not on the Coromandel coast, but in the Salem 
district. But exactly the same mistake was made by Count de Bournon in relation 
to Leschenault's specimens of indianite, which he described as from Salem “ on the 
coast of Coromandel/*® Nor is the mistake confined to indianite, for M. Lacroix 
notices that “the rocks and minerals included in de Bournon's collection are 
labelled as coming from Salem *on the Coromandel coast,' although Salem is 
over 100 miles from the sea.'"^ Whether the error originated with him, or was 
merely accepted by him on the authority of some one else, is not clear ; but it is 

1 That is to say, the ore used in the native smelting furnaces. 

* Mim. du Mtisium d'kist nat,,t» XII (1^25), p. 189. 

» The label is on a form with the name of M. Saemann printed at the top. The specimen^ 
therefore, appears to have come from his coiiectio», and, presumably, was in that of M. Cordier 
stlH earlier.— See footnote, p. 125. 

* Say about $ miles ; 

1 old French posting-league ■=» miles, 

t league of 25 to 1 degree — 276 Eng. miles. 

® There follows a short outline of the native method of steel-making, but, as it does i^t 
differ from that given in much more detail by other writers, it is not worth quoting here, 

* Observations sur quelquesuns des mindraux, soit de He de Ceylan, soit de la C 6 te 
de Coromandel, 1823* 

^ BitUeHn de la Sociite Fran^ane de Minhalagie^ t, Xll, p, 282, 
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not likely to have been made by Z^eschenault himself, who was familiar with the 
district.^ 

It only remains, then, to identify the ‘ mountain of Kantiamal6/ I have carefully 
examined sheets 61 and 79 of the Indian Atlas (i inch — 4 miles), and the 
Revenue Survey map of Salem taluq (i inch = i mile), within a radius of 8 or 
10 miles round Salem, without finding the name in question, the only names at all 
like it are, Keddamalai hill (spelt Keddmally on atlas sheet), 10 miles south-east 
from Salem, and Kanjamalai hill (Kunjamullay of atlas sheet), the culminating 
peak of which (3,238 feet) is 7 miles, and the eastern end of the principal 
ridge 5 miles, west-south-west from Salem. Kanjamalai hill® is composed of 
metamorphic rocks, which form, a great synclinal and include %ree splendid 
beds of magnetic iron-ore, the ore has been worked by the natives from time 
immemorial, a portion of the iron produced being converted into wootz steel. This 
is, I think beyond all reasonable doubt, the mountain containing rich iron-ore 
referred to by M. Leschenault, The terminations male and malai (meaning 
viountaifi) are evidently the same, and in the rest of the words tKantia and Kanja) 
there is a difference of but one important letter — a difference which may easily 
have arisen from M. Leschenault having failed to catch the correct pronunciation, 
or through some clerical error.® There is also a difference in bearing, Kantiamal^, 
being described as about 5 miles south-south-west from Salem, while Kanjamalai 
is the same distance west-south-west. I do not think this is of much importance, 
however, considering how freqpiently errors in bearing creep in.^ 

There are some small unnamed hills marked on the maps in the exact position 
mentioned by Leschenault, and it might be surmised that one of these is Kantiamal6e. 
But, besides the fact that he speaks of a mouniain, if there were important deposits 
of iron-ore in the two adjacent positions, it is unlikely that Leschenault would have 
ignored the celebrated ones of Kanjamalai, and highly improbable that Messrs. 
King and Foote would have ignored those at Kantiamald. 

Kanjamalai bill being within 5 milep of Mr. Healt’s residence, was doubtless 
very thoroughly explored by him, and it seems most probable that he found the 
tpcheffkinite there, and gave specimens of it to M. Leschenault, who may have 
derived his information about the hill from the same source. 

If the above conclusion as to the spot where such an interesting mineral occurs 
be accepted, it is to be hoped that an attempt will be made to re-discover it, and 
learn something as to its mode of occurrence. 

It may perhaps be worth remark here that Langieris analysis, which, as it 

1 Leschenaulfs collection was in the Museum d'histoire naturelle at the time Langier's 
analysis was made, but one or more specimens of tscheffkinite seem to have been also in the 
possession of M. Cordier (Professor of Geology in the Museum, as Langier was Chemist)^ 
from whom they passed to M. Saemapn, who gave Damour the piece analysed by him. It^ 
seems probable that some, at least, of the tscheffkinite passed through de Bournon’s hands at ' 
the time he examined Leschenault*s specimens of indianite, corundum, etc. 

* A detailed description of which is given by Messrs. King and Foote in the Memoirs of 
the Survey, vol. iv, p. 379. 

8 An analogous case, where I has been supplanted by “ S,” might be adduced in the error 
hy which, during 40 years, the so-called mineral Jyepoorite figured as Syepoorite {mde vol. xiv, 
p, 192). 

^ e. g., Ganypittah is described by Dr, Heyne as west of Ongole, instead of south-wes^ 
(vol. xii; p. i6d). 

B2 
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appears in mineralogical text-books, is copied from Beudanf s Traiti de Miniralogie, 
2nd edition (1832), is inconectly given in that work. It stands in the original 
memoir'^ as follows ; — 


Oxide of cerium •«•••>* 36'5 
Oxide of iron 19*8 

Silica 19 

I#ime ,••*•♦•••8 
Alumina 6 

Water 1^*0$ 

Oxide of manganese . * . . • , i‘20 

^xide of titanium 8 


109*38 (stc) 


The excess, M, Langier adds, is due to the cerium and iron having been 
weighed as pero;cides, while they exist in the mineral as protoxides. Their per- 
centages should therefore be diminished to 31'! and 15 *4 respectively, the total 
being thus reduced to 99*25 (sic). 

Comparatively recently tscheffkinite has been found in Nelson Co., Virginia, and 
analysed by R. C. Price.^ In discussing the results he says : — “ When considering 
the cerium earths as protoxides, tscheffkinite was classified by Dana as a subsilicate 
with titanic oxide basic ; the oxygen ratio for SiOg : TiOg : RgOg : RO =: 5 : 4 : 2 : 4. 
With these earths and sesquioxides, the above must be rejected ; and in order to 
consider the published analyses of tscheffkmile (i) and (4), I have assumed the 
cerium earths to exist in the same proportions as have been found in the present 
specimen,® which affords oxygen ratios for them as follows : — 





SiOa 

T1O3 

R.O, 

RO 

“ (i) Ilmen . . 

• 

• 

• 77 

5S 

44 

25 

(4) Coromandel . 


, 

• 77 

64 

44 

24 

Nelson Co. 


. 

. 78 

62 

40 

28 


“ From the inspection of these figures it appears highly probable that the titanic 
oxide should be regarded as replacing silica. The composition of the Nelson Co. 
mineral approximates to — 

“ 2 (Ca, Be, Fe, Mg) O, (Ce, Di, La, Fe)^ Oj. $ (Si, Ti) 0 , 

and the formula of each of the above will fairly correspond to a bisilicate of the 
amphibole group, with silicon replaced by titanium.'" 

Another analysis of Virginia tscheffkinite (from Bedford Co.) has been made by 
L. G. Eakins,^ who remarks that the molecular ratios seem to lead to no definite 
or satisfactory formula — a result quite in accordance with the evidence furnished by 
the microscopical examination of sections.’" Microscopic examination showed the 

* Cp. p, 194. 

® American Chemical yournal, vOl. x (1888), p. 38. 

® Damour thought that didymitim attd lanthanum were present, together with the cerium, 
in the Indian tscheffkinite (Dana’s System of Mineralogy, p. 388). 

^ Amer. Jour. vol. xlii (1891), p. 36, 



127 


PART 3.] GriesbACH : Sketch country north t?/ Bhamo. 

transparent, amorphous, apparently original, material to have partially decomposed 
into an opaque ochreous matter, besides which there were bands of various 
secondary minerals visible. A sample of Price's tscheffkinite showed an almost 
identical structure under the micioscope. Mr. Eakins therefore concludes that 
tscheffkinite is not a true mineral, but only a mixtuie. A somewhat similar opinion 
seems to have been held by Des Cloizeaux about the Indian tscheffkinite, in respect 
to which he writes^—** The material is not perfectly homogeneous, for I have observed 
with the microscope that it is composed of a brown mass, without any action on polar- 
ised light, in which are included very small, colourless, strongly birefringenl grains.” 


Geological Sketch of the country north of Bhamo, by C. L. GriesbaCH, 

C. If E., Superintendent y Geological Survey of India. 

East and north-east of Bhamo a series of hill ranges, all more or less parallel to 
each other, forms a compact mountain system, which has been traced to far north of 
the Maikha branch of the Irrawaddi by Major Hobday and 

< 5 gy‘ others, and which in some way, not known to us exactly, 

is most probably linked to the north-eastern extension of the Himalayan system. It 
forms the natural frontier between Burma and China, but not the watershed between 
the former country and Yunnan, which has not been explored yet. This system of 
ranges ribcs to considerable heights (8,000 to 9,000 feet) and possesses an average 
direction of strike from south to north and north-east, a direction which coincides as 
I have ascertained with the general direction of ^the" strike of the strata forming 
these ranges. 

The mountain system is crossed by several transverse valleys; as, for instance, 
the Maikha branch of the Irrawaddi, the Taiping, etc. 

As far as it was possible to discover dmring the very rapid traverses made by 
Dr. Noetling and myself, it appears that the entire area north of Bhamo is formed 
by a succession of flexuies of older rocks, all striking more or less north and south 
and north-east to south-west, which flexures have been extensively eroded by the 
Upper Irrawaddi drainage. 

Several larger synclinal troughs, or rather areas of depression, have been formed 
when the beds composing the country north of Bhamo were compressed into folds ; 
such, for instance, is probably the area of the Indawgyi lake basin and also the 
broad valley of the Irrawaddi between Hokat and Watu. 

The principal formations found in the Northern Bhamo district are the following 

1, Metam Orphic, including probably the paleozoic group. 

2. Mesozoic strata. 

$. Tertiary beds. 

4. Igneous rocks. 

It has been ascertained that by far the greatest part of the ground explored by 


* Manuel de Mindralogle, t. i, p. S54. 
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Mesozoic strata. 


tis during the last field season is formed of crystalline Cmetamorphic) rocks ; amongst 
which a coarse, porph}T:itic gneiss is very characteristic in 
Metamorphic rocks. eastern part of the area reported on, and it was also met 

with by Dr. Noetling in the hlogaung area. 

Besides the gneissic rocks, there are also schistose rocks, phyllites and horn- 
blendic rocks. 

Tl e whole group of metamorphic rocks has evidently undergone most extensive 
folding and crumpling, with subsequent erosion ; but it is now so extensively ob- 
scured by sub-recent deposits and vast forests, that it will, for a long time to come, be 
next to impossible to arrive at any closer knowledge of the sequence of the series. 

But it appears probable that certain more or less crystalline rocks, chiefly lime-* 
stones, which occur in the midst of the metamorphic flexures, 
Palaeozoics. seemingly conformably to the latter, belong to the 

palmozoic groups and are possibly Silurian, though actual proofs are wanting. 

The only trace of mesozoic rocks consists in a pebble, containing an ammonite 
found by Dr. Noetling near the amber-mines. It is prob- 

Mesozoic strata. cretaceous and may have been derived from a ter- 

tiary conglomerate within the amber-mines formation. 

Patches of sandstone, mostly highly disturbed, occur here and there, probably 
. . forming remnants only of a once much more extensive series 

ertiary ormation. tertiary beds. Such are found in the Indawgyi lake dis- 

trict, west of Mogaung, in the Amber Mines district and in patches north of the 
Confluence.’’ 

These patches of tertiary formations may include members of several divisions 
of the system, but resemble mostly the miocene sandstone series of Upper Burma, 
and like the latter are characterised by the occurrence of patchy seams of poor lig-^ 
nitic coal. 

The amber-mines (on which Dr, Noetling reports in detail) are situated \^ithin 
the area of tertiary deposits. 

Widespread alluvial deposits, both fluviatile and lacustrine, occupy the wide 
troughs of the Irrawaddi audits minor confluents. From 
clSng^recen? deposite^^ economic point of view, perhaps the most important of 
these deposits is the widespread formation of clays, gravels, 
and sands filling the open tror^h through which the Irrawaddi flows between Watu 
and Hokat, and which is some 20 to 24 miles in width. This trough is partly 
filled by almost horizontally bedded deposits of clays and gravels chiefly, which 
are possibly of lacustrine origin, though merging upwards into deposits of fluviatile 
nature. 

The formation is of some economic importance, as it contains a not inconsider- 
-able amount of gold disseminated throughout it in fine dust, to w^hich reference is 
made below. 

Parallel with the general strike of the lines of disturbance of the older rocks 
appear long strips of igneous rocks, which I believe have 
gneous roc , intruded in fissures of dislocation. 

They are accompanied by numerous dykes and intrusions i 1 the neighbouring 
rock-fomations ; and there is some economic interest attached toem, in as much 
as the mineral known in Burma as jade occurs in veins within these igneous in^ 
trasions, which, as far as I know, are all of basic rocks. 
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Broadly speaking, three principal lines of intrusion are found within the area 
here reported on, namely — 

One, running almost due north and south along the 97® 30 longitude 
to near the confluence ; another forming the valley of the Irrawaddi, in the 
defile between Bhamo and Sinbo, and continu^ northwards along its right 
banks ; the third belongs to the Jade Mines district. 

S.Sconomic Notes ok the Upper Ivrawaddi valley fiorth of Ska7Ko. 

Having briefly sketched the geological features of the hill ranges which bound 
the Irrawaddi rivet valley north-east of Bhamo and form our frontier with China, 

I may at once state that they are practically barren of all useful minerals, ^ There 
are reports that lead ores occur, but I have not come across any during my 
journeys in these hills ; and if they ever existed, they would be practically valueless. 
The only minerals remaining to be noticed are the following : 

The only traces of coal which occur within the area described here are found 
some 10 miles west of Mogaung, as noticed by Dr. Noetling ; 
but they appear to be of little, if any, value. 

Occasionally small quantities of coal (lignite) are brought to Myitkpna for sale. 
This mineral comes from the neighbourhood of Talang, north of the K.ha, 

about 16 miles north-north-west of the confluence. From inquiries which I made 
Of natives of that country, there is a seam of this coal there some 3 to 3 feet in 
thickness, which in any case would scarcely be good enough to work, and with 
wages as high as they are in those parts at present, is altogether valueless. 

The Kachins sell this lignite at 8 annas a basket at Myitkyma, and it need 
scarcely be said that it would be cheaper to import English coal at this rate. 

It was reported that coal was found between Ningrong and Kantaoyaung some 

S4 miles due east of Ayainuama on the Irrawaddi. of which supposed coal speci- 
mens were forwarded to me. This proved to be not cool at all, but homblendic rock. 
This metal is found in the form of fine grains and leaflets in the 
recent deposits of Irrawaddi valley and of all its tnbu* 

turics 

Its presence is known to the natives, who wash .these deposits after a fashion, and 
make thereby from about 4 to la annas per day a man. Their mode of waslung 
Sfit is by means of wooden cradles, rarely more than 5 feet long by a feet wide. 
The native! are fairly efficient at this work, and would no doubt easily acquir^ a 

more modem mode of winning the precious metal, if put m the way 0 rt. But 

nowhere have I noticed that they dig deep into the recent or sub-recent deposits 
?r auriferous sands, although such must exist in_ lower depths most certainly 
They usually collect only the most recent accumulations of s^ds and gr t which 
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the banks contain probably not less than 30 grains of gold per ton of dirt, which 
would be good enough to pay working on a larger scale. 

The only place where I saw natives digging deeper into the auriferous deposits 
was about 2 miles north of Myothit, north-east of Bhamo, where they have dug a 
trench several feet deep and some 40 to 50 feet long into much decomposed 
gneissic strata, which they wash for gold. The presence of gold in this rock must 
be in very finely disseminated form ; and I have satisfied myself that in the last- 
mentioned locality there is no auriferous lode or reef, but that the gold occurs in 
the gneiss itself in very’ minute quantities. I have not seen nor even heard of any 
locality where gold occurred in reefs. 

Major Hobday of the Survey of India reported the discovery by him of numerous 
crystals of spinel in the recent deposits near the junction of 

Spmel ; rubies. Pungin Kha and Mali Kha, north of the confluence. 

I myself have met with very minute fragments of such crystals in the sands and 
recent alluvium of the Irrawaddi below Myitkyina, where the heavy iron-sand 
which is left in the cradles along with the gold flakes when washing the sands for 
the latter, is often largely mixed with the fine splinters of spinel crystals. These 
increase in number and size higher up the Irrawaddi ; and at Watu I have found 
large crystals of the same with millions of small fragments of the same; amongst 
them splinters which appear to me to be rubies, but are too small for certain deter- 
mination. It is therefore certain that somewhere higher up the river, rock must be 
%n situ which contains these minerals. The deposits near the Pungin Kha contain 
these crystals in the same manner as the alluvial gravels near Watu, and I have no 
doubt that they are derived from some metamorphic rock (perhaps crystalline 
limestone) still further north. It is a question well worth inquiring into, but this 
cannot be done until the country is much more accessible than it is now. 

From the foregoing it appears, therefore, that there are widely extended alluvial 
deposits in the Upper Irrawaddi valley, which are already known to contain gold, 
spinel, and possibly also rubies. By far the greater part of the area which is 
formed by these alluvial deposits is practically a desert, as very few, if any, settle- 
ments exist there, and thus the country may be looked upon as a particularly 
favourable field of enterprise for mining purposes, if the labour difficulties could 
be overcome. 


Preliminary Report on ike economic resources of, the Amber and Jade 
mines area in Upper Burma, by Fritz Noetljng, Ph.D., 
Palaeontologist^ Geological Survey of India. 


The amber-mines which were examined by me are situated about 5 miles to 
. the south-west of the village of Maingkhwan onalowiso- 
latedbill, which rises abruptly from the surrounding plains. 

Amber. There is no doubt that this hill, which has an elongated 

shape, the main axis running N,E.-S.W„ formed part of a formerly wider extended 
xiver terrace, which has, however, been considerably denuded and worn away during 
the process of time. It is therefore a priori not improbable that amber may be 
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found also at other localities in that part of the country near the Nangotiemaw 
hill. I was subsequently informed that the amber-mines proper — that is to say, 
those which at present produce the amber — are situated west of, and are close to, a 
village called Lalaung. 

The strata in which the amber is found belong to the tertiary formation, probably 
to the lower miocene. The exact age cannot be stated yet, as 
^ ’ no fossils have so far been discovered. The amber-bearing 

beds consist of a soft, blue clay, which is superficially discoloured brown, the dis- 
colouring being apparently due to the disintegrating action of organic acids formed 
by the extremely rich vegetation ; and it may therefore be expected that the brown 
portion of clay forms only a thin covering of varying thickness on the exposed parts 
of the blue clay. It might further be anticipated that the amber found in this clay, 
being also under the influence of the chemical process which discoloured the clay, 
would be of inferior quality to that which is extracted from the blue clay. The 
expeiimental shafts sunk by me have proved that both these views are correct. 

The clay is well stratified, and it reminds me very much of the blue, coal- 
bearing clay of the Chindwin coal-fields. The strike is N.W.-S.E. with a dip of 80® 
towards west. It was impossible to ascertain whether amber is found all through- 
out this clay, but I rather doubt it. If we may judge from the extension of the 
old pits, which are chiefly on the top and the western slope of the hill, the amber 
is limited to the upper part of the blue clay. This view being correct, the amber 
would be found in a bed of highly inclined strata forming a broad band along the 
western side of the Nangotiemaw hill running in N.W.-S.E. direction. The con- 
tinuation of the bed to the south will strike the supposed amber-mines at Lalaung. 

It may be well to keep in mind that amber is nothing but a kind of resin which 
The occurrence of bas been produced in exactly the same way as resin is 
^luber. produced by the trees now-a-days, only that the amber- 

producing trees — pine trees very probably — were extremely rich in resin, and that 
the process of production went on during tertiary times. The hardened resin ac- 
cumulating in the amber-pine forest during the course of centuries was gradually 
washed away by the rains, and being of low specific gravity, easily floated down in 
the rivers to the sea, which then covered the whole of Upper Burma, where?* it was 
again deposited here and there. The amber deposits were covered with clay, the 
deposit of the sea, and this process may have been going on for a long period till 
the amber-bearing strata, as they present themselves in their present thickness of 
not less than 600 feet, had been formed. 

It is therefore easily understood that the amber will be found in isolated pockets of 
smaller or greater extension and thickness, but once one of these pockets is exhausted 
the miner will have to look for another one, which may not be indicated by superficial 
signs. The native style of extracting the amber, to which I shall refer presently, must 
therefore be a highly speculative undertaking, as it merely depends on luck whether 
the workmen will strike an amber-bearing pocket or not. 

The amber is found in lumps of various sizes up to the size of a man's head ; 
, these are either rounded or more frequently flattened, having 

and colour exactly the same shape as the pebbles on a beach, thus 

proving that they have undergone a considerable amount of 
wear and tear before they were deposited. 
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The colour of the amber varies from light yellow to dark brown, iXi all shades 
and \ariou5 degrees of transparency, the most common colour being a dark reddish* 
brown, ^^hich ma} very well be compared with the colour of dark Madeira wine. 
Specimens of this kind are nearly always flawed, and contain streaks of minute frag- 
ments of wood. Transparent pieces are of a more reddish colour. The colour 
most valued by the natives is honey-yellow ; larger pieces of this kind are rare. The 
milky-white, cloudy coloured variety, such as is at present particularly appreciated 
in Europe, does not occur in the Burma amber. 

The Burmese amber is further more distinguished by one peculiarity which would 
lower its value in the European market ; this is its fluorescence. This is the bluish 
tinge w^hich appears when looked at under a certain angle, which is sometimes sO 
strong that fine yellow pieces appear of an ugly greenish colour. 

The amber is extracted in the most primitive fashion. No surface indications 

. . ^ ^ ^ reveal the presence of a pocket Of amber ; the selection of a 

Mining or am er. where mining operations are going to be started is 

perfectly accidental. Having selected a spot, a man digs a square hole of about 
1 1 feet by a feet by means of a mde tool, which resembles the Burmese taywin, that 
is to say, a short chisel-shaped iron affixed to a heavy wooden club-shaped handle. 
With this mstrument the soft clay is loosened, and by means of a rough wooden 
shovel thrown into a bamboo basket, (both made on the spot) and hauled up by means 
of a long bamboo. In this way the miner digs himself gradually into the clay, con- 
structing a chimney-like pit which just affords room enough for one man to work in. 
If an amber-bearing pocket is reached, which may be found at any depth, it is 
worked, and if of some extension, other pits are sunk around the original one until 
all the amber is extracted by working from one pit to the adjoining ones. As it 
happens frequently enough, no amber is found ; then the pit is abandoned and another 
spot selected. It is perfectly clear that under this system of extraction the output 
solely depends on luck ; one man may find a large quantity, while another works for 
weeks without getting more than a few pieces. 

I was of course obliged to accept the native method, but all I can say is that I 
. was extremely unsuccessful. Although I sunk about six 
shafts, which I worked with sometimes nine coolies at a time 
for nearly a fortnight, the whole output consisted of a few small pieces of disinte- 
grated amber worth nothing. This may not be very encouraging, but in my opinion 
it is absolutely no sure test as to the value of the amber-mines ; experiments to this 
effect must be carried out on a larger and more systematic scale and over a longer 
period. 

Although I have no doubt that amber is found in large quantity either at Lalaung 

Value of the mines elsewhere, it may safely be said that it will never form an 

article of export to Europe unless the fashion changes. The 
two qualities which are against it finding a market at home are, first, its colour} 
second, is fluorescence. 

As regards the colour, only the milky white clouded pieces of amber command 
at present a considerable value in the European market; all the other colours, 
yellow and red, in their various degrees of transparency, are of inferior value, and 
would hardly be appreciated in Europe. Burmese amber would therefore range in 
the second place as long as the fashion does not change, and it is still more lessened 
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in its intrinsic value by the fluorescence which is never found in European amber. 
Only amber from Sicily shows the same peculiarity, and although found in some 
quantity, it is for this very reason practically unsaleable. 

There is another reason why the fluorescence will be fatal to the Buimese amber. 
Up to only a very recent date the film of Messrs. Hantien and Beeker in Kdnigs- 
berg, who are owning the monopoly of the Prussian amber-mines, which are the 
chief amber-producers, had every year an enormous quantity of refuse amber which 
could hardly be disposed of ; the only way of utilising it being the manufacture of 
varnish, and as there is only a limited demand for such varnish, large quantities of 
the refuse were every year stored away. Some years ago the pioblem of smelting 
the amber was solved ; the process consisting in softening the amber by steam under 
high pressure and then compressing the mass by hydraulic pressure. The amber 
thus produced resembled in colour the yellow or brown variety, its only difietence 
from the natural pieces being its fluorescence. The firm, stopped the manufacture 
of this artificial amber because large pieces of it could be produced at such a low 
cost price that if thrown on the market it w^ould have soon cut out the inferior 
qualities of natural amber altogether. The firm, rather than be its own competitor, 
stopped the manufacture of smelting the refuse altogether, and the storage of the 
latter is still going on. There is, however, no doubt that the very moment the 
Burmese amber, which in its physcal qualities is similar to the amber produced by 
smelting the refuse of European amber, would appear on the market as a serious 
competitor to European amber, the firm would at once take up the manufacture of 
artificial amber. 

It may thetefoie be foretold with every certainty that if any company which 
might in the future exploit the amber-mines were not satisfied with supplying the 
local and China market only, but were to begin to export to Europe, it would find 
great difliculty in competing against German production; and it may even be 
doubted whether it would succeed in doing so, owing to the undoubtedly inferior 
quality of the Burmese amber. But whether the local demand, which may be esti- 
mated at about 2,000 \iss per year at the outside, will be sufficient to pay a European 
company remains still to be seen.^ 

In conclusion, I would recommend that experiments on a larger scale should 
be carried out either at Lalaung or elsewhere with a view to ascertain whether there 
exists a sufficient quantity of amber to pay a more systematic mode of working. 

The so-called Mogaung coal-field might be more propei^y called Saungka coal- 
field, the outcrops of the seams being situated along the bank 
aa^g^oal°field^^ ^ Small stream of this name. The Saungka chaung is a 

feeder of the Mogaung stream, which it joins about 16 miles 
above Mogaung, running do\\n from the hills on the right bank of the river. The 
coal seams are said to be found about 5 miles to the west of the banks of the Mogaung 
river. Although I did not visit the locality itself, I may venture a few remarks as to 
its probable value because I examined the country on both sides of the hills which 
contain the coal. There is no doubt that the coal is of tertiary age; the hills to the 
east consist, however, of metamorphic rocks, while those to the west consdst of 

* Dr. Noetling lays perhaps too much stress on the unfavourable appreciation which Burma 
amber may obtain in the European market. Its great area of sale is in the East, where it will 
probably hold own against the European product.— 
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crystalline limestone, which probably sweeps round the northern side of the tertiary 
sandstones. To the south the latter are covered up by the alluvial plains of Mogaung* 
We can therefore safely say whatever may be the thickness of the seams, their exten- 
sion is very limited, and it is further highly probable that the strata are very much 
disturbed. 

Two different groups of mines may be distinguished, which we may call the pit 
and quarry mines, respectively. The pit mines are situated 
Preliminary report on along the bank of the Uru river, beginning at about Sankha 
tion^o/minS^^* village and extending for a distance of about 40 miles further 

down. The quarry mines nearTammaw village are situated 
about 8 miles to the west of Sankha village on the top of a plateau rising to about 
1,600 feet above the level of the Uru river. 

Although it is quite probable the mineral which is commonly called jade and 
which forms the object of an extensive industry in the 
Mogaung sub-division .is different from the jade proper, 
I may be allowed to use the old name till chemical and microscopical analysis will 
have revealed the true nature of this mineral. The Tammaw mines afford the best 
opportunity for the study of the geological condition under which the jade is found. 
It here forms a vein of considerable thickness in an igneous rock of blackish green 
colour. The jade is a purely white crypto-ciystalline mineral much resembling the 
finest marble, containing here and there green specks of various sizes, which form 
the jade proper. The jade vein is separated from the black rock by a band of a 
soft and highly decomposed argillaceous mineral. The strike of the vein is ap- 
proximately north to south, and the dip at about an angle of 20°, varying consider- 
ably towards east. 

It is diflicult to determine the age of these igneous rocks. Before Sankha is 
reached a similar rock may be seen breaking through tertiary sandstones, but unfor- 
tunately the relations of the Tammaw trap to the surrounding strata cannot be 
observed owing to the denseness of the jungle. 

The jade extracted from the pit-mines is found in the shape of boulders, which 
are undoubtedly derived from localities hitherto unknown, in the neighbourhood of 
the Uru river. It is probable that this kind of jade, which has undergone a consid- 
erable amount of wearings much harder, and therefore of better quality, than the 
jade extracted from the quarry mines, which has hitherto only laid open the out- 
crop of the vein; but there is no doubt that once the mining operations have 
reached a greater depth, where the jade has no longer been subjected to the super- 
ficial disintegration, a material will be found which, if not better, will at least be 
equal to the jade extracted from the pit-mines. 

There are at least 500 men engaged every season in working the quarry-mines at 
Tammaw. The mining operations are carried on in the 
rudest fashion. No blasting powder being available, the 
rock is heated by large fires, and having again cooled down, is broken into pieces 
by means of enormous iron hammers. 

The operation in the pit-mines are less difficult as the alluvial gravel in which 
the jade boulders are found does not require the tedious process of heating the 
rock. The miner simply digs a pit and selects the boulders from the stuff dug out 
of the pit ; good pieces of jade are sometimes found in the laterite, which 


Mining operations. 
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forms beds of varying thickness along the Uni, These pieces have superficially 
undergone a certain discolouring in such a way that the original green or white is 
changed under the influence of the hydrated ojfide of iron into a dark red colour. 
Specimens of this kind are generally known as “ red jade ” 

There is no doubt that the jade-mines, especially the jade vein of Tammaw, 
forms a most valuable properly; and there is further no 
aueo e mines. doubt that, besides the Tammaw jade vein, others will be 
discovered sooner or later, as we know now that jade is intimately associated with a 
dark igneous rock (trap). As the country abounds in rocks of this kind, it may fairly 
be expected that a closer examination of thfese rocks, perhaps some extensive 
prospecting operation, will result in the discovery of other jade-mines. 


♦ 


Preliminary Report on the Iron-Ores and Iron-Industries of the Salem 
District, by Thomas H. HOLLAND, A.R.C.S,, F.G.S., Assistant Super^ 
intendenti Geological Survey of India. 


/^•^Introduction, 

The data and observations recorded in the following preliminary report on the 
iron resources and industries of Salem were gathered during a hurried visit to the 
district of less than three weeks, during which time I visited most of the places 
in which native iron-smelting is being carried on, and the principal localities in 
which the ores of iron occur. I have great pleasure in acknowledging the assist- 
ance which I have received during this short enquiry from Dr H. Warth, OjEciating 
Superintendent of the Government Central Museum, Madras, who accompanied me 
over a large portion of the tour. To Mr. G, Stokes, Collector of the district, both 
Dr. Warth and myself are indebted for the courteous assistance of himself and his 
staff, and for many suggestions in discussing the possibilities of developing the 
immense iron resources of the district of which he has charge. In investigating 
the question of local fuel supply, Mr Brasier, District Forest Officer, has rend- 
ered invaluable help in continuing the enquiry which had received the attention of 
his predecessor, Mr. W. Carroll. 

I I, ^Literature, 

Besides the previous information obtained under the superintendence of the 
Collector, Mr. Stokes, I have been guided in the enquiry by the following publica- 
tions containing references to the native smelting and the iron-ore of Salem : — 

1814. Heyne, B. : Tracts on India. 

1836. Benza, P. M. : Notes on the Geology of the Country between Madras 
and Neilgherry hills vid Bangalore and Salem .*’— Journal 
of Literature and Science, Voh IV, p. i. 
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1842. Newbold, Lieutenant, Mineral Resources of Southern India; No, 3: 

Chromate of Iron Mines, Salem District ,— Royal Astatic Society y 
Vol. VII, p, 167. 

1855. Balfour, E, : Report on the Iron-ores, etc., of the Madras Presidency. 

1864. King, W., and Foote, R, B.; ♦‘On the Geological Structure of portions 
of the Districts of Trichinopoly, Salem, and South Arcot. Mem.y 
GeoU Surv.y Ind. Vol. IV, p. 223, et seq. 

1881. Ball, V : Economic Geology of India (Manual, Vol. Ill), pp., 332, 335 
and 348. 

1883. LeFanu, H. : Manual of the Salem District. 


lIL^Mineralogical and Metallurgical characters of the Iron^Ores of 

the Salem District. 

I give below a list of the ores of iron found in the Salem district, making special 
mention of the peculiarities in physical characters which these minerals display in 
this area, and their respective metallurgical values : 

(i) Magnetite is by far the most abundant of the iron-ores of the area. It 
occurs either in well-defined octahedral crystals, (which 
Magnetite. frequently display polar magnetism), imbedded in chlorite> 

schist, as in the neighbourhood of Rakkiyapatti, ii miles south-west of Salem, and 
Ettumanikampatti, an inam village a mile further to the south.^ These are picked- 
up in large quantities in the rivers after heavy rains, and the natives, knowing their 
magnetic properties, string them together as beads. 

Magnetite occurs also, making, with quartz, a schist in which the crystals of 
magnetite are crushed out in the direction of foliation to a roughly almond-shape, the 
proximity of the tapering points giving a lacunar appearance to the rock. Crystals 
of about one-half to three-quarters of an inch in length, and of this shape, are 
common in the iron-beds of Kanjamalai and of many other places in the district. 
All gradations in size are found down to an almost aphanitic rock in which the con- 
stituent minerals are, to the naked eye, indistinguishable as individual crystals — a 
type common to all the groups of iron-beds. Bands of magnetite sometimes 
alternate with quartz, or bands of quartz and magnetite, rich in the latter mineral, 
are found alternating with bands of the former, frequently contorted into fantastic 
patterns and giving the appearances characteristic also of lavas wMch have cooled 
down after fluidal movement in a semi-viscous condition. The magnetite and 
quartz-schists, in common with all the crystalline metamorphic rocks, have, in fact, 
derived their peculiar flow-structure from actual moulding under the enormous 
pressures to which they have been subjected during great earth movements. I 
have noticed that these contorted pieces of magnetite-bearing rock are commonest 
near the ridges which form such a prominent and characteristic feature in the out- 
lines of hills in which iron-beds dip at high angles. This, I presume, is not only 
due to the actual resistance to the disintegrating action of tiie sub-aerial agents^ but 

' The village of Etttunaaikanipatti is, curiously enough, named from the octahedra of 
magnelftei— “ eight ** ; mani ** head,” paiid “ vUlc^e.” {Tamil.} 
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also to the tendency to resist jointing and its consequent production of small 
fragments which form a more easily moved talus. 

The incipient expansion of the mass, accompanying the oxidation and hydration 
Friable ore used by ^f the magnetite, has, in many places, been sufficient to pro- 
native smelters. duce a rock which crumbles under the slightest blow, or even 

between the fingers. These are the pieces exclusively used by the native smelters on 
account of their friable nature. They are invariably found in the talus at the foot of 
the hills, and probably are simply the more weathered representatives of the compact 
specimens occurring in the beds above. A further form in which magnetite occurs in 
this district is that of segregation from the main mass of the rock into cavities and 
pockets, as innumerable small crystals, which in large fragments frequenty exhibit a 
distinct polarity of magnetism. Magnetite occurs also, together with small crystal- 
line fragments of quartz, felspar, hornblende, garnets and other minerals, as sand in 
the river-beds, being derived from the disintegration of the numerous crystalline 
rocks within the area. In the trappean rocks, in granites, and in the more basic 
gneisses, magnetite occurs in disseminated grains, but not in quantities sufficient for 
economic use. In almost any locality in the south of Salem district a magnet dipped 
into a bed of river-sand becomes coated with large quantities of magnetic grains. 

Magnetite may invariably be distinguished by its hardness. It is always 
Distinctive characters attracted by the magnet and frequently is itself magnetic 
of magnetite. W'ith well-developed polarity in large specimens. The 

colour, both in large fragments and in powder, is black, with a well-defined metallic 
or sub-metallic lustre. These properties serve to distinguish it from the other iron- 
bearing minerals mentioned below. Besides being the most abundant, magnetite 
is the richest ore of iion, containing, when pure, 72*4 per cent, of pure iron, the re- 
Metallurgical value of maindOT being Oxygen (FcgO^,). The ore which occurs in 
magnetite. guch abundance in the Salem district is thus the ore which 

has been used with such success in the Scandinavian iron-works. It was from 
this mineral, smelted with charcoal, that most of the famous Dannemora iron was 
produced. The Dannemoia ore employed yielded on an average below 50 per cent 
of the metal, varying between 25 and 60 per cent., whilst in the Salem district it is 
possible to obtain an almost inexhaustible supply of ore with an average of nearly 
60 per cent, iron. This result is calculated from the average mineral composition 
stated by Messrs. King and Foote, and agrees with rough calculations of my own on 
crushed samples, as well as the estimate given by Balfour.^ I have collected a 
large number of typical specimens which I hope to subject to analysis, the results 
of which will be embodied in the final report. I know of no published analyses of 
Salem ore giving the results of a search for such impurities as phosphorus, sulphur, 
and manganese ; but from the reputation of articles of steel which have, in times 
past, been made from these ores by the well-known Arunachella Achari and others 
they must have been very free of at least both phosphorus and sulphur. Very small 
Effect of phosphorus quantities of phasphorm would be sufficient to render the 
®n steel. Steel distinctly brittle and ''cold short”— as little as o*i 

per cent, is the maximum amount of phosphorus allowed in rail specifications, and 
in good qualities of mild steel it seldom exceeds *016 to *04 per cent. There is one 


‘ Cyclopaedia, 3rd edition, vol. ii> p, 372. 
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point worthy of consideration in connection with this question, namely the tendency 
for the phosphorus in pig-iron production to pass into a 
^ Phosphorus in ‘'scour- scouring slag rich in iron, whilst a good, grey slag — 

^ ‘ desirable in most places for economy of iron— produced in 

smelting, yields almost the whole of the phosphorus originally contained in the ore, 
fuels, and fluxes to the pig-iron. Fluxes are used in most places for the purpose of 
economising the iron, lime replacing the iron in the compound silicate of the slag^ 
but in this district the ore itself is so inexpenshe that manufacturers can afford to lose 
a highly ferriferous slag for the sake of cleansing fromphos- 
phorus. Whilst I have no doubt these facts may account 
in some measure for the purity of the iron and steel pro- 
duced by the highly wasteful processes of the native smelters, who use no flux be- 
yond that afforded by the ash of the charcoal employed as fuel, it is still probable 
that the Salem magnetite is comparatively free from this impurity, which is a source 
of so much trouble to steel manufacturers. Ward^s analyses of the Dannemora 
magnetic iron-ore show it to be free of both phosphorus and sulphur. 

The presence of minute quantities of sulphur in steel is even more powerful in 
, its influence on the properties of the metal than that of 

up ur m stee . phosphorus. As little as 0*05 per cent, of sulphur is suffi- 

cient to render steel sensibly “ red short,*' or almost unworkable at a red heat — a 
character which has never been ascribed to the Salem steels. To these points I 
hope to give special attention after careful analysis of both the ore and of the pieces 
of iron and steel which have been purchased from the smelters still at work in 
different parts of the district. 

Hmmahie is seldom found in large crystals in this district. In the hills to the 
south of Namagiripett I found small crystals of specular 
iron in larger masses of crypto-crystalline hsematite, form- 
ing, with quartz, a schist bedded in conformity to the adjacent magnetite-bearing 
seams. Frequently we find both magnetite and hsematite intermixed with quartz 
and, in some cases, I have noticed magnetite cores surrounded by hsematite 
to varying degrees— producing, in fact, minute crystals of 
mar Hie which is probably, in most cases, pseudomorphous 
after the magnetic oxide. Hsematite contains 70 per cent, of iron, and is notably 
free from sulphur and phosphorus. This ore, when smelted, invariably gives a 
Pig-iron from hsr P% silicon a property which has increased its 

matite ^ for Bessemer demand for the production of steel by the Bessemer 
conversion. process; and, before the modification known as the 

basic process was introduced, only pig-irons rich in silicon were suitable for 
Bessemer conversion. 

Hsematite in this district is quite subordinate in importance to magnetite. From 
the latter mineral it can be distinguished, when crystallised, by its higher lustre, red 
streak, crystalline character, and the absence of all magnetic qualities. 1 have 
collected specimens of ** soft" (that is, specimens in which the ore is in excess of 
the free silica) hsematite from the northern flanks of the Kollimalais, in the south- 
eastern portion of the Salem taluq. It is, however, sometimes found with quartz 
predominating, and even passing into a jaspery condition in several parts of the 
district. 


Haematite. 


Martite. 
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Titanoferrite. 


Under the action of atmospheric influences, hoematite takes up water and passes 
Turfite, Gothite, hilo turgite and ultimately into gothite and Imionite, or 
Limonite, brown hmmatite. These may be carbonated to produce the 

Clay-ironstone. various forms of clay ironstone and chalyhiie. Various stages 
of these processes are represented amongst the Salem iron-ores, especially the pro- 
duction of small quantities of yellow ochre by oxidation and hydration of the mag- 
netite. This is the cause of the friable property of the ore, which is, as before stated, 
preferred by the natives. But as none of these ores, however, occur in sujQ5cient 
quantities to be of any value for metallurgical purposes in comparison to the mag- 
netite and haematite, they will receive no further attention. 

Pyrite is conspicuously free from the rocks of this district. Finely disseminated 
grains occur scattered through some of the intrusive igneous 

Pyrites. rocVs, bat not in large quantities. 

I have found small crystals of titaniferous iron-ore in some of the eruptive rocks 
of Salem, but have never noticed it occurring in large quant- 
ities. Captain Campbell has recorded his discovery of titan- 
ium in a black ore used by the smelters of the Salem district, but he gives no parti- 
culars as to the quantity or nature of the mineral in which it exists.^ Captain New- 
bold also states that iron-ore, slightly titaniferous, is found over the whole hypogene 
area of Southern India.''® I have not yet subjected the specimens collected to an 
analysis ; but I hope to give this point due attention, as it is one of metallurgical 
importance. Although a very refractory mineral, titaniferous iron-ore has been used 
in the bloomery furnaces of the United States and Canada 
Metallurgical value manufacture, by direct process, of wrought iron, 

of titanoterute. division in which the oie occurs as sand is 

favourable to its treatment by this process. At Mosie in Canada it is found profit- 
able to wash sands containing only comparatively small quantities of the titaniferous 
ore before treatment in, as far as I could learn, the oidinary American Bloomery 
Furnace with simply a reduction in the slope of the twyers and of tbe pressure of 
the blast. The mineral is further used with a certain degree of success as lining 
material in some kinds of revolving puddling furnaces. The titanium itself seems 
to produce little or no effect on the iron manufactured. It has never been, I 
believe, found in white pig-iron and it seems never to pass into the malleable iron 
made from grey pigs which contain titanium. The action of titaniferous ore is not 
so much due to the presence in the product of titanium as to the conditions in the 
blast furnaces which are necessitated by the presence in the charge of minerals 
containing that metal. I do not consider (with our present knowledge of the uses 
to which titanium can be put in iron manufacture) the presence of the mineral in 
the Salem district to be of immediate value. Although such an authority as David 
Mushet was so firmly convinced of the value of titanium in steel as to take out 
thirteen patents for his invention, its value is still an unsettled question. One thing 
is certain, that the higher temperature required for the smelting of titaniferous iron- 
ores means a larger fuel demand which seems to be about the only bar to success 
in working the Salem iron resources. It is stated that the Swedish Taberg ore 
requires more than twice the amount of fuel to smelt ores containing titanic oxide 
than to reduce ordinary magnetic oxide. It seems, therefore, that the proximity of 

1 Campbell : Calcutta fourn, Nat, Hist,, Vol. II (1842), p, 280. 

* Newbolds Joufn, Asiatic Soc., VoL Vlll, p* i$Sf V’ol. IX, p. 40^ 

C 
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Chromite, 


this accessory does not increase the value of the iron deposits to any material 
degree. 

Pyrrho tite or magnetic pyrites, although of interest pn account of its remarkable 
properties, is of no metallurgical value. It occurs in small 
yrr o i e. quantities in some of the rocks of this district as minute 

hexagonal prisms. 

Ferrugtnom clays^ limonitic pellets^ ferruginous sands and lateriie frequently 
. occur in different parts of the district ; but these iron-bear- 

deposits, although in some places valuable as sources of 
the metal and for building and other purposes, are, in this 
oistrict, developed to quite an insignificant degree beside the enormous deposits of 
richer iron oxide. 

Chromite in many respects resembles magnetite, having like it a black colour 
and sub-metallic lustre. It crystallises in the same form 
and has about the same hardness, whilst its specific gravity 
does not differ from that of magnetite sufficiently to allow of such a means of dis- 
crimination between hand-specimens of the two minerals. It is also sometimes 
magnetic. The property which at once distinguishes it from the magnetic oxide 
of iron is the colour of its powder. Chromite gives a brown streak, whilst that of 
magnetite is black. In chemical composition it differs from magnetite in a replace- 
ment of the iron sesqui-oxide wholly or partially by the corresponding chromic 
. . oxide. Besides the value of this mineral for the production 

or the various chrome-salts used as pigments, its use as an 
introduction into steel and iron adds to its value on account of its proximity to the 
rich iron-ores of Salem, Ferro-chrome has a decidedly beneficial effect on steel, 
and only the expense of the ore, and the difficulties attend- 
ing the smelting of such an easily oxidised metal as chrom- 
ium, prevent its more extended use in steel manufacture. It is, however, coming 
into great favour specially in Sweden, where the ores of iron are, in many respects, 
similar to the Indian ores, both in properties and mode of occurrence. In Tas- 
mania chromic ores containing sulphur have been considerably smelted, although 
the presence of sulphur necessitates the expensive remelting of the pig with ferro- 
manganese. Whilst for rails its price will probably always prevent it •superseding 
. ordinary carbon-steels, the use of chromium-steel for the 

manufacture of armour-piercing projectiles seems to be 
decidedly on the increase, and the only substance which 
seems capable of replacing it to any extent will be a modified form of the remark- 
able manganese-steel recently made by Mr, R. A. Hadfield. 
manganese available literature I am unable at present to 

quote any data showing the enormous hardness, tenacity and 
great resistandS to impact possessed by chromium-steel, but it may with safety be 
said that the attention which this aUpy will in all possibility receive would make the 
presence qf chromium in the Salem district a valuable accessory to the iron. In 
the sequel I shall show that the conditions which invariably accompany deposits of 
Possible occurrence cbromite are present not only on the chalk-hills in Salem, 
of chromite in Ksinja- but are repeated in every respect at the foot of Kanjamalai 

’**■ itself, the hill so well known for its iron-heds from the inter- 

esting description by Messrs. King and Foote in the memoir already referred to. 


Chromium in steels. 
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Manganese The principal remaining substance of value in the manufac- 
ture of iron and steel is manganese. Although there are, 
anganese ores. ^ Icnow, no deposits of these ores in the Salem 

district, Iraunite is said to occur in the Kuinool district and near Tumkoor in 
Mysore. Notwithstanding the recent impetus given to the use of manganese in 
steels, I do not consider that these places — which are the nearest known manga- 
nese-bearing localities — are sufficiently near Salem to be worth considering in the 
question of the successful revival of the Salem iron-industry. They will be treated 
more fully in dealing with the respective localities in the final report. I can only 
call attention to this possible means of adding to the chances of development of the 
district at present under consideration. 


IV ^^Distribution and geological relations of the Ores, 

Concerning this question I have veiy little to add, beyond the mineralogical 
notes already given, to the descriptions published, in 1864, by Dr. King and 
Mr. Foote in the memoir above quoted, and to the additional summary written by 
Mr. Foote for the District Manual (Volume I, pp. 97-102, and occasional references 
under the headings of the different taldqs in Volume II). 

As to the celebrated iron-beds on Kanjamalai, I have been able to work out the 
Additional rema^-ks ^^cact points of junction of two of the beds with the adjacent 
on the Kanjamalai iron- rocks by working along the top of the westerly extension of 
the high ridge. In his description of Kanjamalai, given as 
an appendix to the memoir, Mr. Foote states his inability to decide on the thickness 
of the deposits owing to the manner in which the lines of junction of the beds are 
obscured by the debris rolled down from above (p. 382). A thickness of about 50 
feet is estimated for each of the two lower beds. But, as stated, the exact thickness 
is of little importance when the quantity of ore is so enormously great. My actual 
. , - . ^ measurements on the western ridge of two beds showed that 

even this estimation is rather understated. One bed measured 
nearly 50 feet, whilst the other was very little under too feet in thickness. The 
thicker of these beds is possibly the lowest (No, i) of Mr. Foote, whilst the thinner 
Seam below would, in that case, be unrepresented on the main mass of Kanjamalai. 
The reasons for this statement, although the results of a necessarily hasty examin- 
ation, I will state presently. The iron-beds are described and mapped as concentri- 
cal ellipses ; but had Mr. Foote the privilege of re-examining the ground he would 
probably make a slight modification of his map on the north-west side of the hill. 
Although the modification is of little concern as to the iron resources themselves, 
I hope to show that the disturbances on the north-west side have given rise 
to a recurrence of the conditions which prevail near the chromite-deposits of the 
Chalk Hills, and thus becomes of possible economic value, as well as of scientific 
interest. 

Crossing the road in the southerly direction near Sitbaswaran Kovil, one mile 
Geology of western village of Kadiarupatti, one meets first with tal- 

extension of the Kanja cose and chlorite-schists exposed in the river-bed, and giv- 
ing the general east-north-east and west-south-west strike of 
foliation, with a high dip to the north-north-west. For a few yards further the rocks 



142 


Mecords of the Geotogual Survey of India. 


[VOL. XXV. 


are covered with soil and the next exposure is that of a coarsely crystalline horn- 
blende felspar rock with large garnets. This rock follows the general direction of 
foliation, but unlike the talcose and chloritic schists referred to, its dip is towards 
the mountain, and of 55®. There is probably thus an anticline to the north with its 
axis parallel to the direction of foliation. This rock is suc- 
Kanja!^^^"^ ceeded by a narrow dyke of basic rock intruded in the direc- 

tion of strike, and following this we have a parallel arrange- 
ment of other foliated rocks, some with garnets, some without, and one or two 
enipthe rocks, all following a general east-north-east direction until the base of 
the mountain is reached, when they disappear under the talus of broken fragments 
of rocks fallen from sleep slope above. The rather broken and low ridge of these 
rocks forms the northern boundary of an irregular depression which is backed in 
the easterly direction by the main mass of Kanjamalai and on the southern side by 
heights rising to 650 and 950 feet above the plain and forming the continuation of 
the main ridge of the mountain. It is within this depression that the complications 
of the strata to which I have referred occur. In the westerly direction the rocks are 
found to have a strike of almost due north and south and dip at about 50° or 60® 
tow^ards the mountain, that is, towards the east. This direction changes for a north- 
west and south-east strike on ascending the hill to the south, and on following the 
ridge to the east the strike curves round to the west-south- west and east-north-east 
direction w ith, in the main mass, a northerly dip as shown in the section given by 
Mr, Foote (loc, ciL^ p. 380). By this means beds which formed the base of the main 
mass of the mountain are brought obliquely across the westerly ridge, and on the 

Exposure of iron-beds examination. Of the 

on the western ridge due two beds SO exposed, the lower and thinner rests on a gar- 

ofstauTef netiferous, foliated hornblende-felspar rock. Between the 

tw^o beds there is a thin seam of hornblendic gneiss about 
20 feet thick— an occurrence nowhere described in the memoir. I conclude, there- 
fore, that the heavy debris obscuring the beds on the main hill-slopes concealed this 
thin bed of gneiss from the observation of the original observers, whilst if this lai*ge 
bed, which bends around to the north-west, is a continuation of their bed No. 1 
from the southerly side, then I have missed, in my, hasty climb, the thin indurated 
bed of talcose schist (loc, cit,, p. 380, fig, 9), This is very possible as the task 
of working up to\^ards the summit was by no means facilitated by the rolling 
boulders and thick, thorny tangle of bushes. The two highest points on this 
westerly extension were, by aneroid readings, respectively 650 and 950 feet 
above the plain, and fiom the last point to the summit, and down over the north- 
ern slopes, my observations coincided precisely with the account given by Mr, 
Foote. 


In the depression 
dyke of graphic granite 
ting across the gneiss. 

Intrusive basic and 
ult-a-basic roclcs on the 
north-west side. 

Magnesite. 

most interesting feature 


on the north-west corner there are ramifications of a great 
> running generally parallel to the foliation, but in places cut- 
Further complications are brought about by the intrusion 
of black hypersthene-bearing and other pyroxenic rocks, 
which seem to have been intruded in order from the basic 
rocks to the acid granite. Towards the west quartz-veins 
bifurcate and ramify amongst the basic gneisses ; but the 
s is the occurrence of veins of ma^nesik traversing precisely 
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the same kind of decomposed and crumbling rock as we find in the sides of 
the chromite shafts on the northern magnesite area of the Chalk hills near Sc - n. 
It is associated also with compact, and sometimes fibrous serpentine or picrolite 
(baltimorite). As the occurrence of these minerals in 

1 rous serpen me, Kanjamalai has not been recorded by Messrs. King 

and Foote, a description and a comparison of the essential geological features 
of this area and of the Chalk Hills will explain my reasons for considering 
the occurrence of chromite in the Kanjamalai by no means an improbable dis- 
covery. 

Lieutenant Newbold, in one of his series of communications on the mineral 
resources of Southern India to the Royal Asiatic Society, 
described the chromite-mines of the Chalk Hills. This 
paper seems to have been overlooked by Messrs. King and 
Foote, who, consequently, could say little as to the mode of occurrence of the chro- 
mite. The mines were also inaccessible at the time of their visit, but since that 
time the rubbish, which has fallen in from the sides of the shaft, has afforded a con- 
venient soil for the growth of a tree (AilaniJms ea^celsus or Pi-maram) in each of two 
of the shafts. These are now grown to the mouth of the shaft and stand in striking 
contrast beside the stunted shrubby acacias of the sur- 

Observations in the j-Qunding area. By one of these trees I managed to climb 
chromite-mmes. , . r i_ 1 ^ , 

down to the bottom of the shaft, now only 35 feet deep, and 
my observations, on the walls and of the fragments at the bottom, confirm New- 
bold's description of the mode of occurrence of the chromite.^ At the time 
of Lieutenant Newbold’s visit, the shafts were respectively 59 ard 63 feet 
<ieep, but since that time a third shaft has been made and a few smaller excava- 
tions, apparently of a trial natuie, are still to be seen about the immediate neigh- 
bourhood. Water was found in quantity at 59 feet, but the workers possessed no 
better means of removing it than by the use of ropes and buckets. The ore follows 
the direction of the magnesite-veins, but is found generally between the magnesite 
and the main mass of crumbling rock. One large mass. 

Mode of ocurrence of weighinar 2 tons, was also found before Newbold’s visit 
ehromite^ . ° ® 1 1 * • -r i . n 

At present the only chromite visible is m small quantities 

lying in the manner described above. I have collected specimens of the ore for 
further examination. An analysis by Mr. E. Solly of a piece collected by Lieute- 
nant Newbold yielded 49 per cent, of chromic oxide and resembled the material 
brought from America and from the Shetlands. 

Judging from analogy of other occurrences of chromite and its constant associate^ 
serpentine, the formation in the Chalk Hills is not improb- 

Paragenesis of chro- remains of a great ultra-basic intrusion. I have 

found dykes of undoubtedly basic and ultra-basic rocks in 
the neighbourhood, and serpentine has, in many instances, since the date of the 
publication of the Survey memoir, been proved to be the hydrated product of the 
highly magnesian constituents of ultra-basic and olivine-bearing, igneous rocks. The 
, rock known as duntie from New Zealand contains chromite 

imbedded in olivine, which has, as yet, only suffered the 
incipient hydration to which olivine is undoubtedly susceptible. The same dykes of 


^ jQurn. /foy. As. Sqc,^ VoL VII (1843), pp* 167-71. 
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ultia-basic lock, the same decomposed material, bearing magnesite in similar veins, and 
serpentine both in its fibrous and in its compact form, are 
found at the north-west base of Kanjamalai. Whilst it 
is to be admitted that chromite is most irregular in its dis- 
tribution amongst these rocks, there remains the suggestive fact that these condi- 
tions are precisely those under which the mineral is invariably found j and I think 
it is at least worth more than the search of the few hours 
fu^^Sted which were at my disposal. Nothing but a careful working 

^ ^ - out of the petrological relationships of these rocks will 

result in successful prospecting for valuable minerals.^ 

Messrs. King and Foote are unconsciously unfair in their criticism of Dr. Benza's 
observations in the Chalk hills. Dr. Benza did not, as they imagined, overlook 
the serpentine, either in its ordinary or in its fibrous foim. Dr. Benza could not be 
expected to call the mineral by the name of haUmonie for the very obvious reason 
that this name was not coined until seven years after the 
sef enttne fn^the Chalk Publication of Benza’s interesting paper. The author of 
bills. the term haUimonie was himself quite unconscious of the 

afiSnities which the mineral possessed for serpentine and proposed the word, as he 
did many others, in the indiscriminate manner characteristic of the times when 
mineralogy was less of a science than postage-stamp lore! 

picrohfe was used for this form of serpentine as 
long ago as i8oS, and has the prefeience both in age and 
scientific accuracy. Baltimorite can offer no apology for its existence. I have 
referred to this point because it explains the terms used by previous waiters on he 
geology of Salem— Heyne, Benza, and Newbold. The last two authors both spoke 
of the existence of asbestos and nephrite,^ whilst Heyne referred to a semi-pellu* 
cid greenstone which is about the hardness of serpentine and looks not unlike the 
femous image stone of CJhina.® The confusion which existed at that time between 
the complex minerals nephrite, ladeite, bowenite, and agalmatolite (which is used at 
“ Nephrite ” and present time for ornamental carvings in China and else- 
"ashestoa ” of Benza where), and the varieties of serpentine, explains the use by 
s^ndto^«»rpentliie^" Benza and Newbold of '‘nephrite,” whilst the interesting 
and **pn;rolite'* (bahi- circumstances attending the examination of the original 
specimen of baltimorite explains the term “ asbestos”—- the 
name under which it passed before coming into Professor T. Thomson's bands. 
Curiously enough it was labelled asbestos with chrome.”"^ 

With regard to the plhce mentioned by Benza as a further locality for magne- 
site, namely Yedichicolum, close to the Cauvery, near Trichinopoly, Messrs. King 
and Foote have expressed some doubt. I hope to investigate this matter on taking 
up the Trichinopoly district ; but, in the meanwhile, I might mention that Newbold 


* Ske^ writing the above 5 » cwp, I h»Te examined, in the laboratory, specimens collected 
on Kanjamalai andjOn the CMk hHls, and find that in each case the magnesite is formed, as 
suggested, by the decomposition <;flivine''rocks closely related to dunite.— T, H. B. 

* Benza: U<^ras Joum. LiU Sci^ Vol. IV (1836), p, 23.-^ Newbold : Journ* As. 

V0I. VII (i843),p,i6a 

^Cf. King and Footes Op. dt^ p. 241. 

< Thomson : Fhil. Mag.y Vol. XSH (1843), p. 191, 
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also refers to the same place as containing, not only magnesite, but chromite, and 
he further refers to '"Hoonsoor, Mysore and to a site near Comarpollium, 10 or 12 
miles south-west from Sankerydroog, in the Salem district.”^ Of other occurrences 
of chromite in India the same association with serpentine has been recorded. 
Amongst these I may refer to samples found by Mr, Mallet weathered out of the 
serpentinous rock of Spiti® and in one or two places in the Andaman Islands.^ 

I have already referred to the increasing value of this mineral. 

With regard to the remaining groups of iron-ore beds described in this memoir, 
Remaining groups of Observations confirm the descriptions of them in every 

iron-ore beds described particular and the time would not allow of extending the 
by King and Foote. details. These groups will be referred to in discussing the 

fuel supply. 


Manufacture 
wrought iron. 


Comparison 
Malabar workers. 


of 


with 


y, — Native smelting processes. 

At the present time both wrought iron and steel are being manufactured by 
pariahs in the Salem district ; but I nowhere found steel (wootz) being made in 
crucibles, as, according to previous writers, was the case when the industry was in a 
more flourishing condition, Wootz, however, is still being made in the adjoining 
district of Trichitiopoly. 

The process of manufacturing the wrought iron is simply a very primitive and 
imperfect form of the Catalan and Bloomery process at 
present employed in Europe and America. The furnaces are 
smaller and much more imperfect in everyway than the fur- 
naces which I saw in the Ernad taldq of the Malabar district. The mode of working 
the bellows is also different from that of the western workers, who are in the employ 
of Mahommedan moplahs. The process of smelting one 
bloom occupies about two or three hours, the resulting iron 
weighing about 18 lbs., whilst the Malabar workers occupy as 
many days fcr the production of a bloom of iron weighing about 5 cwt. In Malabar 
also the charcoal and iron are all weighed and the products sold by weight in 
four grades, whilst in Salem the workers do everything by guess, with the result 
that there is an enormous waste of either ore or fuel ; and the sale of the bloom is 
a bargain at sight without regard to weight. The pariah workers seem to pos- 
sess little sense of either time or weight, and professed great amusement at my 
suggesting some simple improvements on the method which they and their ancestors 
had practised all their lives 1 (Plate L) 

The processes of mining (or “ grubbing,” for the diggings are never more 
. than 3 feet deep) the ore are even more wasteful than the 

inmg core. smelting. Only the well-disintegrated and rotten pieces 
of quartz-magnetite schist are used. All the pieces too hard for easy crushing, even 
nearly pure magnetite, are rejected, and, consequently, the material contains not only 
large quantities of quartz-grains,* which have to be removed in preparing the ore 


^ As. Soe,, Vol. VIT (1S43), P* 

* Mem'0 Geol. Suro, Jnd., Tol. T, p. ti'y, 

* GeoU Sutm. Ind., VoL XTI, 204; Tol. XVII, pp, 83 and 84. The serpentine has 
been mapped by Mr. R. D. Oldham {Roc. Geok Ind., Vol. XVII, pp, 13s, 145 and plate)« 
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for smelting, but, in addition, a considerable amount of limonitic dust which is also 
carried away in the subsequent process of cleaning the magnetite. 

In dressing the ore the large fragments are crushed with a fiat hammer, 
^ about 3 inches square, one man using the hammer, whilst 

reusing e ore. continuously heaping the larger fragments 

into the central part of the pile. After sufficient material has been accumulated, 
the crushed rock is winnowed by pouring out of a basket in a strong wind. The 
heap which so forms is divided into four portions, as shown in the accompanying 
sketch-section. No. i, consisting of large pieces, is to be le-crushed. No. 2 is 


Dtrectwn. cf innd 


cleaned of its quartz by sifting in a shallow basket similar to that which is used 
for separating rice from the husk and for sifting coffee to remove the imperfect 
berries. Towards the end of the concentrating process the fragments which find 
their way to the lip of the basket are compound grains of quartz and magnetite ; 
these are dropped back upon the pile for 1 e-crushing, instead of being thrown away 
with the quartz waste. When the magnetite is well concentrated, it is taken in this 
state to the furnace, but has still to the re-crushed and sifted before it is fit for smelt- 
ing. This last process, however, is carried on near the furnace. No. 3 of the win- 
nowed pile is composed of grains of quartz and magnetite, and the concentration 
is brought about by washing in the river. The workers are, from practice, evidently 
aware of the fact that reducing the specific gravity of each 
Washing the oie. mineral by 1 gives the magnetite a greater proportional 
weight over the quartz, for that of course is the principle on which they adopt 
w*ashing in preference to sifting for the finer particles. Section No, 4, consisting 
almost wholly of limonite-dust, is rejected as useless. 

The process of smelting for wrought iron has been so well described by previous 
writers that I will add no more in the present preliminary 
Steel manufacture by report. But the manufacture of steel is so altogether 
do-carburisation. distinct in principle and practice from any native process 

which I have seen described that I will give an account 
of the operation which I examined in one or two places. In 1840 David Mushet 
published an account of his elaborate experiments on the samples of wootz, sub- 
mitted to him ^ ; and, in referring to Mr. Heath’s paper to the Royal Asiatic Society, 
he was puzzled at the two kinds of steel which were brought to England from India. 
The steel was sometimes brought in the form of conical ingots and sometimes in 
fiat, round cakes. The former kind was evidently the ordinary wootz, as still made 
in crucibles in Trichinopoly. The latter kind is now made in the Salem district! 
but by a process quite different from that of the crucible wootz. Heath, in his paper, 

Papers on Iron and Steel, 1840, p 650. 
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seems to have overlooked the latter process, and, as far as I am aware, it has been 
generally left out of desciiptions of the native smelters. The conical ingots of 
wootz are made by carburisation of wrougnt iron in cruciblesj the principle 
which was not applied in England until 1800, and which governed the later patent 
of Mackintosh, and since modified to the modern cementation process for the con- 
version of bar-iron into ” ** blister steeV’ and in ‘‘ case hardening ” The flat cakes 
of steel now being made in the Salem district are, on the contrary, produced by 
the partial removal by oxidation of the carbon in cast iron, as in the open-hearth 
Jfinery of Styria and Carinthia, and in the ordinary puddling of pig-iron. The former 
material is made by carburisation and the latter by de-carhurisation* The following 
is the process as now carried on : — 

In the manufacture of wrought iron, certain easily fusible beads of iron are 
produced and melt oS as shot. These are in reality highly 
process carburised particles, or cast iron, and it is from these that 
the steel is made. The shot are first pounded in a stone 
mortar with a wooden pole guarded with an iron ring — the olakai^ used for pounding 
rice. By this process the small particles of slag adhering to the shot are removed, 
and the cast iron receives an imperfect polish. The powdered slag-material is 
separated by sifting in the ordinary manner in a moram^ or shallow basket. A 
hole is dug in the ground about one foot deep and about one foot in diameter. At 
one side a semi-circular groove is excavated from the surface to the bottom of the 
pit. A large cake of soft clay serves to divide this small excavation from the other 
part of the pit, and the smaller chamber serves as ihe finery m which the steel is 
made. The bottom of this is first covered with a layer of dirty quartz obtained from 
sifting the crushed ore, as described in the process of dressing the magnetite for the 
furnace. There are generally pieces of magnetite adhering to this quartz, which fact 
accounts for the *'orey particles^' in the cakes of steel produced, and which so 
puzzled Musbet to explain, and from which he concluded the steel must have been 
produced direct from the ore. On this hearth of quartz an ignited coal is placed and 
the small chamber filled with charcoal. A tuyere, previously built in with the clay 
partition, points downwards at an angle of about 45® and receives the nozzles of two 
goat-skin bellows, by which a continuous blast is maintained. The shot are first 
wetted and thrown upon the charcoal, the amount used being governed by pure 
guess-work as in the wroiight-iron smelting. The blast is continued for about half 
an hour, when the process of decarburisation is complete, and the tuyere and 
clay-partition broken down for the removal of the steel-cake, which is first slightly 
cooled by a dash of water and then hammered to remove the casing of slag which 
has formed around it. I have secured several cakes of this material, and hope to 
subject them, as well as the cast-iron shot emplo}ed, to experimental tests in the 
laboratory. The workeis are quite aware of the fact that if they continued the pro- 
cess too long, the resulting product would be of no more use than ordinary wrought 
iron, although, of course, they do not know that the removal of the carbon, which 
gives the steely properties to iron, is the result of continued oxidation. The cakes 
of steel which result are sold for 4 or 5 annas each. (See Plate II^) 

It seems curious that these pariahs should adopt this interesting process 
for the manufacture of steel, whilst the typical wootz is made in such an entirely 
different manner. They professed ignorance of any method other than that which 
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they now employ, and they have been carr}ing on this method as long as any of 
them could remember. Regaiding the conservatism of these people as a constant, 
one might suspect their industry to be of independent origin and they of a different 
caste from the wootz-makeis still at work in South Trichinopoly. It will be inter- 
esting to cross-examine the wootz-manufacturers on this point.^ 

In the Salem district smelting of iron is confined to the Salem, Trichengode and 
Attur taldqs, the work which was formerly cairied on in the 

smeltingif ca'rried on.'' Namakal, Cttankarai, and Hosur having been given 

np as profitless. At most of the places where smelting has 
been, or is being, carried on, I noticed large heaps of ashes and slag, sometimes lo, 
15 and 20 feet high, with, in one or two cases, trees of one foot or more in dia- 
meter growing on the heaps. 

During our visit Dr. Warth and myself found and examined smelters and their 
furnaces in the following places : — 

(1) Salem TaltJq. 

Ndmagiripeii . — Several slag-heaps and groups of furnaces for the manufacture 
of both iron and steel. Ore is obtained from one of the outlying low hills of the 
Kollimalais, about 3 miles south-east of the village. Fuel was obtained fiom Kadi- 
ampatti and Mullu-kurichi forests, about 10 to 12 miles from the furnaces. 

Perumapalayaniy about i| miles north-east of Karipatti. A large slag-heap and 
the remains of two or three furnaces. Smelting carried on last a year ago, when ore 
and fuel were obtained from GodumaUi, mile from the village. When the work 
was in a more flourishing condition, ten years ago, fuel was also obtained from Thai- 
malai, a distance of 2J miles. 

Tinmarntr^ 7 miles south of Kaiipatti. Ore obtained from 2J miles north of 
the village. Charcoal from wood in the forests around the place. One furnace 
working ; the remains of others standing. 

From enquiries, I heard there were smelters at work in the following additional 
places in this taldq : — 

Konganapuram, 7 or 8 miles west of Kanjamalai, which is the source of the 
ore. 

VanaHsi and Soragaiy both places near Nangavallt, 21 miles north-north- 
west from Salem vid Taramangalam. 

Twenty or thirty workers are said to be still smelting in these villages. 

(2) Att^r Tal^q. 

slag-heap witihi remains of six furnaces for wrought iron. One for iron 
and one for steel still at work owned by one Sanyasi Pariah in Kattyakara Street. 
Ore is obtained from Mdragathdmalai, 4 miles west-south- west of Alttir, and fuel 
b:om a distance of 6 miles. 

Thondaroyapuram or Meyhapalliur^ 4 miles west of Attdr. Three furnaces 
worked for the last time in January 1892. Ore from MuragathiJmalai, i mile to the 
south-east. Fuel from same range of hills. 

^ Since this was Writteidi I have examined the makers of cruclble-wootz in South Trichinopoly 
and find they are of the Karutuan caste. A description of these workers is given in a separate 
report.— T. H. ff.. 
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Maihurm, 3 miles west of Mallikarai. On account of the present scarcity 
work stopped for a month. One smelter was about to make a bloom at the time of 
my arrival, and, on its completion, I bought it for 5 annas. He said the ore was 
obtained from the Godumalai and fuel from Poonamalai, i J miles from the village. 

Keerapatti, 2 miles south of Mallikari. Smelters worked up to February 3rd, 
1892, and find it, at this time, more payable to do cooly work, principally in cutting 
firewood. ^ There weie five furnaces on a slag-heap 2 feet high. The working has 
been carried on in the place little over two years, the smelters having come from 
MathurdtiS, Nahempatti, and Meykapalliur. Charcoal obtained from Valakumba 
2^ miles east. Ore from Nahempatti, 4 miles south. ' 

Nahempatti, on the road to Tammampatti. Some ore may be obtained close 
to the village, and more 1 mile to the east in the Parmamalai. Charcoal from 
Taletalai kaidu, a distance of 4 miles. Slag-heap, 10 feet high. Banded magnetite- 
quartz schist is used here for road-metal. 

Tammampatti .— good furnaces, but none of them worked fomearly six 
months. Slag-heap 15 feet high. Ore from Parmamalai, 2 J miles north-east of 
furnaces, the ore which occurs within a mile to the north being neglected. Fuel 
was obtained from Vdldkumba forest, 2 miles west. 

Chendarapafii, 2 miles east of Tammampatti. One furnace at work. Ore from 
5 miles east, Kudiimalai. Slag-heap 10 feet high, with remains of four other fur- 
naces. 

TuWampadayam, 2 miles north of Valaipddi. Three good furnaces and remains 
of eight others. The only variation I have ever found in the shape of the furnaces 
was the use of a square and more strongly built base at this place. Ore brought 
from the Godumalai in the Salem taldq. According to the statement of the pariahs 
charcoal from 10 miles. 

Smelting is not now carried on at NdraUanar, 6 miles north-west of Tammam- 
patti and Kadamhiir, 7 miles south of Attiltj localities in which a thriving industry 
was formerly carried on. 


(3) Trichengode Taluq. 

In the Sankaridrug division, ore from Kanjamalai is still smelted by pariahs in 
the following villages Valayasettipalayam, Konganapuram, Iruqaluruttapalayam, 
Padavedu and Ayigoundenpalayam. In six other villages, where the industry 
formerly flourished, it has now died out. 

The workers unanimously say that the increased price of fuel has been the cause 
of reducing the industry, and many of the workers have lately stopped on account 
of the present scarcity and consequent small demand for the iron for implements. 
Although this cessation of work may be only temporary, it is possible that this 
might in many of the villages be ** the last straw ” on a dying industry. 


F 7 . — Fuel Supply* 

For the production of charcoal the favourite wood seems to be the Wdnjai 
(.4 liizzia amara)—1it^ Oosulay of Malabar. The timber is extremely hard and 
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mottled with concentric, alternating light and dark bands. It is said to be ex- 
tensively used for fuel on the locomotives in Salem. I have secured specimens 
of the wood and its charcoal for the purpose of determining its calorific power 
and other properties in the laboratory, and for the estimation of its ash. I have 
also secured specimens of three other, but less favourite, woods used by the 
pariahs : — 

Semhahchan {Eryihroxylon (JSethioL) indicd)^ a dark-biown wood* 

Nelani {Canihium didymtm)^ a small tree with hard, grey wood. 

Woodavai (? Adave of Manual) {Grewia roMd)» 

Details concerning the supply of fuel available from these forests have been sub- 
mitted to the Madras Government by the late Acting Forest Officer, Mr. W. Carroll 
This information has been conveniently arranged with reference to the main groups 
of iron-bearing beds, following the classification of Messrs. King and Foote, and 
divided between the taldqs of Salem, Attur, Namakal, and Uttankarai. 

In the Salem from the 47,800 acres of available forest, Mr. Carroll 

estimates from a clean felling 11,472 tons of timber, which would produce 2,699*3 
tons of charcoal — sufficient probably to manufacture 830 tons of iron. A partial 
clearing of the forest would allow of little less than half this yield. 

In the AMr iaMq^ the yield of timber is estimated in the present state of the 
jungles to be 833 tons per annum — a quantity sufficient only for the manufacture 
of 58 tons of iron. 

In the reserved portions oiNdmalal talitq a partial clearing would give 2,816 
tons of timber— sufficient fuel, when converted into charcoal, for smelting 220 tons 
of iron. To this must be added a probable yield of 2,550 tons from the unreserved 
portions, giving 196I tons of iron. 

Uiiankarat iaMq has an available forest, reserved and unreserved, of 31,946 
acres ; this amount is within a radius of 5 or 6 miles from the Thirthamalai mag- 
netic iron-beds. The reserved portions would, with clean felling, yield 7,000 to 8,000 
tons of timber, and wdth partial felling, 4,000 tons — equivalent to about j,ooo tons 
of charcoal The unreserved portions of 4,100 acres giving a yield of 2 tons per 
acre would with a 20-years’ rotation give only 410 tons of charcoal Taking these 
two quantities together w^e have sufficient charcoal in Uttankarai to manufacture 
433 tons of iron. The jungles lying east-north-east and south of Thirthamala 
reserve would on the above rotation yield sufficient charcoal for an additional 192*3 
tons of iron. 

We thus have in the vicinity of the iron-bearing beds sufficient timber for the 
following yield of iron per annum : — 


Timber. 


SaUnt iaMq 


* • ♦ • » 

. St 73 ^ tons. 

400 tons. 

Aiii&r 

» 

. * • • • 

. 833 „ 

5 ^ PT 

h&mahal 

• 

* * . . • 

• S.366 „ 

416 .1 

Uttankarai 


« • « » . 

• 8 ,j 4 o „ 

62s „ 



TOTAt 

. 20,075 

i, 4 S 9 




Siakmeni showing the Jungles bordering the Iron beds of Singipatii or Singipuram 
and of Kollimalai in the AMr ialHq. 


Name 


1 

of 

Names of Jungles. 

Extent 

group. 



S » 


Acres. 

|ti 

X, Godamalai • 

2. Jaliathu k 

5,600 

12,000 


3, Manmer 

4,000 


• o 


Remarks. 


This group (quoting from the District Manual, page 
too) lies 4 miles south of the Godamalai and extends 
some 10 miles in a generally east-north-east to west- 
south-west direction* The forests bordering same 
and within 5 miles on either side are noted in column 
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Siaiemeni showing the Jungles bordering the Iron beds of Singipaiti, etc, — contd. 


Name 

of 

group. 

Names of Jungles* 

E'«tent. 

Ksmarks* 

f 

*Sb 

o S 

S 1 

.s §L 

t/i 



2, In addition there are several patches of unreserv- 
ed land containing very poor growth, so that the fuel 
for the working of this group will have to be drawn 
from the reserves noted. The first two have already 
been entered in the statement for Salem taldq. The 
other “ Manmer ” contains very little growth and will 
not yield more than i ton of fuel per acre. The 
slopes of the Periakalroyan are a little farther off i 
but I don’t think it would pay any company to get 
their fuel or charcoal from these, so that the Goda- 
malai and Jallathu reserves are the only two from 
which fuel to a limited extent can be drawn. 

'IS 

*stt 

s 

ci : 

Nik 

mi. 

There is no mention made of this bed in the District 
Manual, probably owing to its being so very insigni- 
ficant, but as iron ore is to be had there I have 
entered it in this statement. The range of hills 
through which the bed passes is unreserved land, 
hut has been marked off as one that should be 
reserved. The growth within 2 or 3 miles of the 
locality mostly consists of scrub fit only for fuel. 
The extent (approximate) may be set down at 
5,000 acres and the average yield at 2 tons per 
acre. If worked on a rotation of 12 years which 
is sufficient for the regrowth of Thuringe (Acacia 

amaraji the yield per annum will be~— — = 833 

tons or sufficient to manufacture a little more than 
58 tons of iron. 


Statement showing the number and names of the Magnetic Iron-ore beds within ike 
Namahal iaUq^ the Forests nearest to them, and the probable quantity of Fuel^o 
be had from them, dc. 


Name 
and 
No. of 
group. 

Name of Forests. 

Extent 

m 

acres. 

Remarks. 


KaravalU Kombai, 
R. F. No a, 
Jambuthu, R. F, No. 
3- 

Palu^ansholai, R. F. 
No, 4* 

8^50 

2,617 

5»53o 

The reserved and unreserved lands noted here form 
the whole of the Kolliinalai range of hills in the Nd- 
makad talfiq which, if worked on a rotation of 30 yeare 

will admit of ^^^•1,413 acres being over 

annually, 

The first three, aggregating dose on 17,000 acres, 
have been reserved under section 16 of the Act, 
while the others are still unreserved. 

The growth is very dense in parts and the average 
yield may be safely set down at 10 or 12 tons per 

1 

TotAL 

16,900 
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Statement ^homing the nuinhr and names of the Magnetic Iron-ore heds^ coutd. 


Name 
aad 
No. cf 
group. 

Name of Forest. 


Unreserved lands of 
the following 

nods I — 

cu 

t 3 

Selur nod . 

s 

Thevanur nod . 

bA 

Thimmanur nod . 

cd 

Vallapur nod 

S 

Arur nod . 


Sundar nod 

0 

fed 

Vailuna nod 

X 


^ \ 

B 

a 

15 

Total 



GRAND TOTAL . 

i. 



Extent 


6j000 

5.000 

2,000 

2.000 

3>Soo 

5.000 

2.000 


25.500 


42,400 


Remarks 


acre and from 5 to 6 tons if a partial clearing 
is made. Taking 5 tons as the outturn, the yield 

will be for the Reserved Forests ^ ^ «2,8i6> 

which, when reduced to coal, will give a little over 
700 tons. This quantity will suffice to produce nearly 
220 tons of iron. 

The unreserved portions, if also worked on the same 
rotation, and if 3 tons per acre is set down as the 
average yield by partially working them, the outturn 


/ 2‘;,soo 


2,550 

4 


4 


will be V 30 
34 

tons of iron, or in all a little over 400 tons per 
annum. 

As from the District Manual, I find that the iron-beds 
are spread over the whole area of the Kollimalai,’^ 
all the extents noted will be within easy reach of the 
workings. 

The Belukurichi ridge, alluded to at page lOi of the 
Manual, lies within Mitta limits. The nearest Gov- 
ernment jungles are on the western slopes of the 
Kollimalai, which, if worked, will be able to supply 
sufficient fuel to turn out at least iOO tons of iron 
annually. 


Statement showing the number and names of the Magnetic Iron-ore beds within the 
Utiankarai taMq, the Forests matesi to tkevi^ and the probable quantity of fuel 
to be had from them, etc. 


Group, 
No and 
name 

Name of Forests. 

Extent 

in 

acres. 


Thirtliamalia, R. L. 
78. 

11,046 


Veppampatti, R. L 

8,640 


79 - 


3 

2 

Poyipatti, R. L.'75 . 

3i488 

& 

Puvampatti, R. L, No. 

4,672 

IS 

B 

1 

SO. 


Total , | 

27,846 

V> 

Unreserved lands of 
the following vil- 
lages:^ 



Endalur . , 

500 


Remarks. 


Of the forest noted in column 2 the fourth known 
by the name of “Puvampatti” has been declared a 
Reserved Forest under section 16, while the first 
three are under settlement, and will ere long be also 
reserved under above section of the Act. 

Their total area (approximate) is 27,846 acres** 43 *5 
square miles. 

The remaining nine extents are unreserved lands aggre- 
gating about 4,100 acres, or 6*4 square miles, so that 
the total extent from which fael may be had within a 
radius of from 5 to 6 miles of the Tbirthamalai 
magnetic iron beds is 49 9 square miles, or nearly 
32,opo acres. 

The reserved forests contain far better growth than 
the unreserved portions. If the former are worked 
on a rotation of 20 years, they will allow of nearly 
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woods,— w^njaii sumhalichan^ nekant, and oodavaiy and of these they show, in 
the Salem district and in Malabar, a distinct preference for the first two. The 
utnaost we know of these woods is that they are all hard, close-grained woods ; but, 
as to any other properties which give them their excellent charcoal-producing quali- 
ties, as yet we know nothing. The fact that they are all hard and comparatively 
slow-growing woods, suggests the conclusion that these are desirable properties 
probably oa account of (i) the firmness of the carbonised product, and (a) the 
small percentage of ash which slow-growing woods generally leave on ignition. 

If in general, slow-growing woods produce the best charcoal, we have the prob- 
Relation between choosing between annual yield on the one 

annual yield and quality hand and quality of product on the other. I do not, how- 

o£ charcoal. ever, conclude from the mere fact of the native smelters pre- 

ferring these hard woods, that only such wood gives the best kind of charcoal. As 
1 have before stated, we are in comparative ignorance on the subject, because, as 
far as I know, no experiments have been made as to the amount of ash, calorific power, 
strength of product, or other properties, which are the test of a good charcoal. If it 
can be proved that Camarwa^ and fast-growing trees in general, possess the charac- 
ters of good charcoal-producers the course to pursue is obvious. To show this 
is the problem, and I am confident that it is one most easily and inexpensively 
solved," For this puipose I would suggest that a collection of the principal South 
Proposed collection of Indian limbers be made, say four or five samples of each 
certain South Indian kind, selected from different localities, and that the ash, the 

intensity and power, and quality of the charcoal 
’ * produced be determined. The facts are of the simplest 

possible nature to ascertain, and the data so obtained will stand without question 
or modification as a permanent guide in the selection of a timber which combines, 
with a large annual yield, a suitable charcoal for smelting purposes, and, what must 
follow as a natural consequence, a good fuel for locomotive and domestic use. 

Combined with this addition to our knowledge, it would be a decided advantage 
Styrian and American if an officer with a sufficient metallurgical training, could 
chai coal-burners and pay a short hot-weathcr visit to some continental or Ame- 
smelters. iron-smeliing locality, where charcoal is used (as in 

the Slyrian process, which most nearly resembles that of the Salem steel-makers), 
for the purpose of examining the particulars of the processes, both of charcoal- 
burning and of iron- and steel-manufacture, and to collect either specimens or data 
of the fuel for comparison with the Indian timbers. A metallurgist, who has learnt 
his theoiy and practice in England, having paid exclusive attention to factories 
worked with coal alone, feels incompetent to give reliable advice on the nature of 
the limbers to be grown, or methods which are likely to be successful in iron-smelting 
with charcoal-fuel Experiments on the native processes will be tedious, as well as 
unsatisfactory, and whilst to any one who has an element- 
tive'procesSt*'^ ^ ^ acquaintance with the principles and practice of metal- 

lurgy, the native methods of both charcoal-burning and 
iron-smelting are wasteful of material and uncertain in result, I would most de- 
cidedly not recommend the adoption of any improvement suggested from mere 
acquaintance with theoretical principles. A simple visit to a charcoal-burning and 
smelting locality will enable a metallurgist to offer the advice which will settle once 
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for all the question as to the possible development of the enormous iron-resources 
in this presidency ; and considering the amount of money already lost in aiding 
unsuccessful companies, it will be a most profitable way of spending a hot season. 
In this, of course, I am taking for granted, as I believe it to be the case, that the 
use of coal for the Salem ores is quite out of the question. The only hope, as far as 
I can see, is the employment of charcoal of the right kind, and with the most 
economical process. 

Hitherto the only data of the above nature, as far as I can find, on Indian limb- 
ers are the instructive results obtained by Dr. H, Warth in 
analyses of examination of the ash of twenty-six woods ; but these are 
principally of more northerly growth.^ Although Dr, Worth 
gives only the amount and composition of ash of these timbers, the results are 
sufiScient to show the wide variation there is between the relative qualities of these 
timbers as fuels, and in a quadruple degree, as charcoal-fuels. Bauhima Vahli^ 

. . thQ Maljhan^ gives for example an abnormal ash of 1174 

ow urning timber. cent., and its very slow-burning properties make it just 
a convenient log to inspire the story-telling fakir ! The ash, of course, not 
only affects the rate of combustion, but, from the specific heat of the inorganic 
material, is a considerable source of loss in heat, besides, in iron-smelting, intro- 
ducing bases which have a decided effect on the quality of the iron and steel 
produced. 

In his exhaustive report on the Forest Administration in the Madras Presidency, 
Sir D. Brandis details the evidence which leads him to 

Sir D. Brandis’ pro- conclude that the forests may be developed greatly to the 
posal of Casuanna and , , . . , . t ^ 

Eticaiypitis plantations, advantage of the iron- industry, but before cultivating, as he 

advises, the fast-growing Casmrina and blue-gum, I would 
suggest the precaution of ascertaining whether these, or what, trees are capable of 
producing a suitable charcoal for ii on-manufacture ; and, for this purpose, it is 
necessary, as Dr. Brandis reiterates in many places, to 
attach a competent metallurgist, who has had practical ac- 
quaintance with charcoal iron -smelting, either to the Forest 
Department or to the Geological Survey in Madras. This 
might easily and inexpensively be brought about in the 
manner indicated above, and my remarks on Kanjamalai are, I hope, sufficient to 
show that we are by no means sufficiently acquainted with the mineral resources of 
Salem to allow of an unqualified condemnation of any attempt to develop its 
immense iron-deposits. 

VIL — Conclusions on the questions af acting the development of the 

industry. 

The conditions which will affect the possible development of the iron-manu- 
facturing industry in the Salem district may be arranged under the following 
heads : — 

(/) Resources of iron-on^ 

Manual of Natural Sciences tor the use of students in the Forest School, Dehra Dun, 
Calcutta, 1886, pp. 184, 185. 


Dr. Brandis’ proposal 
to attach a Metallurgist 
to the Forest Depart- 
ment or Geological Sur- 
vey, 
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{2) Supply of auxiliary ores of — 

{a) Chromium. 

(^) Manganese. 
if) Titanium. 

(J) Aluminium. 
if) Tungsten. 

0 ) Fuel supply. 

(4) Smelting methods. 

(5) Bye-products. 

(6) Market}- 

For the reasons detailed in the piecedmg pages I beg lo submit the following 
conclusions and suggestions under these heads : — 

(/) Resources of These are without question undoubted in quantity, 

and I may say also in quality ; but a statement of the exact amount of iron yielded 
by an average sample of ore I hope to embody in my final report, together with the 
results of a careful search for phosphorus, sulphur and other elements which have 
such a pronounced effect on the quality of the iron and, especially, of the steel 
produced. 

{2) Supply of accessory ores— 

ia) Chromium . — The great and increasing demand for this metal as an advan- 
tageous addition to steel has been indicated in a previous page (p. 140). 

I have recorded, also, my reasons for the probability of additional 
occurrences of chromite in the Salem district, and would suggest 
that a search for this mineral be instituted at the north-west base 
of Kanjamalai and in other localities which present the petrological 
characters already stated as favourable to the occurrence of this mineral. 
if) Manganese. — With regard to this mineral there is no definite evidence to 
offer as lo its occurrence within the limits of this district, beyond the 
fact of its frequent association with, and sometimes in, iron-ores. 
Chemical examination of the specimens collected will throw some 
light on this question. 

(c) Titanium, — ^Newbold’s discovery of this metal in the iron-ores of Salem 
suggests a careful search for its minerals. It has been pointed out that 
the metallurgical advantages arising from the use of titaniferous iron, 
ore are as yet doubtful, but they seem to bear more on the conditions 
of smelting rather than any alloyed product {yide p. X39). They are used 
largely in Sweden and in Ontaiio with minerals of the same nature, and 
obtained from the same class of metamorphi c rocks, as those of Salem, 
id) Aluminium. — ^The deposits of corundum have long been known. Should 
a cheaper method of manufacture be invented, or some natural 
source of power, like falling water, be employed with present methods, 
as recently suggested by Mr. A. Chatterton, the value of this metal, 
though questionable as an advantageous introduction to steel, is, 
for other purposes, undoubted, The very high price of aluminium 
and the demand which this useful metal is, from its exceptional 

^ The demand for iron is too well secured to call for remark on this head* 

D 2 
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properties, bound to secure, make this point decidedly worth attention. 

I would call attention to Mr. Chatterton’s scheme for utilising the 
great water-power of South India for the manufacture of aluminium, 
and at the same time suggest a careful survey of the valuable corun- 
dum-deposits of the districts of Salem, Coimbatore, and North Arcot, 
as well as Mysore ; and that a further search for the minerals cryolite 
and bauxite be made. Lacroix's paper in Volume XXIV of the 
Records of the Geological Survey of India proves that we are as yet 
unacquainted with the variety of minerals in the crystalline rocks of 
Salem, and he has especially offered some suggestive points on the 
paragenesis of corundum. 

TungsUn — ^This metal is occasionally used in steel to impart hardness 
to the alloy, the steel taking a fine damask According to Vosmaer 
it is often found in wootz. This is another point to be decided by 
chemical examination of the specimens. 

With regard to the whole question of the alloying of iron with the metals 
referred to above, it may be remaiked that the recent discoveries of 
Hadfield, Roberts- Austen, and others of the remarkable properties of 
iron-alloys indicate a probability of considerable development in this 
respect. 

(j Fuel supply . — ^As the supply of coal seems to be out of question, the fuel 
must be entirely charcoal. Under this head has been given a summary of our present 
knowledge concerning the kinds of timber preferable for the manufacture of char- 
coal for iron-smelting, and for ordinary fuel on the railway and in towns. I have 
also given reasons for suggesting the determination of the ash, calorific power and 
other properties of selected South Indian timbers as necessary preliminary data for 
carrying out Dr. Brandis' suggestion of increasing the yield by Casuarina and blue- 
gum •plantations. The suggestion of Dr. Brandis to attach a metallurgist, having 
practical acquaintance w’th charcoal iron-smelting, to the Forest Department may, 
I believe, be most inexpensively carried out by deputing an officer for a few months 
only to the charcoal-burning and smelting localities of Styria or America, for the 
purpose of examining the processes of preparing the charcoal and smelting the ore in 
a manner which has proved to be commercially successful. Such an officer will be 
able to apply the experience of the charcoal-burners to the facts obtained in the labor- 
atory as to the value of the different woods for iron-smelting, and to offer advice which 
ought to settle the question, once for all, of the practicability of (a) forest develop- 
ment, (Q charcoal-burning and its bye-products — pyroligneous acid and the results 
in general of dry, destructive distillation of wood, {c) improving, or replacing by 
European processes, the native methods of smelting, and if) the utilisation of the 
accessory ores of chromium, manganese, titanium, aluminium, and tungsten. 

if) Smelting methods . — ^The present mode of native smelting is attended with 
enormous waste of heat, ore and labour in the blast^producing. In estimating 
the furnace-charge by pure guess-work, there is not only a waste of material, but a 
highly detrimental uncertainty of result. Although the manufacture of wrought 
iron by the direct process is open to many drawbacks, it must be admitted that 
the use of charcoal, on account of its regular purity, removes one important objec- 
tion. The manufacture of steel by the preliminary production of pig-iron in small 
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furnaces has been suggested by Dr. Waith, and, according to Mr. Heath, some such 
process was at one time employed by the natives ; but none of the present pariah 
workers seem to be acquainted with the practice. 

Without doubt the absurd blowing apparatus can be improved with advantage, 
and numerous other improvements suggest themselves to any one acquainted with 
metallurgy, but I would strongly urge the importance of not tampering with the 
present methods except under advice of a metallurgist who has seen something of 
charcoal iron-smelting in addition to the education which an English metallurgist 
receives in places where coal is the only fuel employed. 

In mining and dressing the ore the native methods are even less economical 
than in the smelting. Because of their friability decomposed pieces of ore only are 
selected, and from these a large quantity of limonite and quartz has to be separated# 
whilst richer ore, on account of its superior hardness, is rejected. 

Madras^ February 2^th^ T8g2, 


4 

On the Occurrence of RIebeckite in India, by THOMAS H. HOLLAND, 
A.R.C.S., F.G.S,, Geological Survey of India. 

In 1882 Professor T, G. Bonney, in a paper to the Royal Society describing 
. f • h k*t ^ series of rock-specimens collected by Professor Baylcy 
IS ory o ne ec i e. island of Socotra, referred to the occurrence in 

one of the granitoid rocks of a mineral which, whilst presenting many of the 
characters of members of the amphibole-group, he, apparently with some hesitation, 
referred to tourmaline, regarding it as pseudomorphous after hornblende 

In 1888 the same author described peculiar variety of hornblende from 
Mynydd Mawr, Carnarvonshire,*^ which in general appearance and in optical charac- 
ters resembled the Socotra mineral.® He classed this mineral with the horn- 
blende-group, and on account of a communication from Professor Sauer of Leipzig, 
who had isolated and analysed a similar mineral, referred it, apparently not without 
some misgivings, to arfvedsonite (cf footnote, op. cii,^ p. 106). 

Independently Mr, A. Harker had been studying the Mynydd Mawr ‘ porphyry,* 
and had also described the peculiar blue mineral as homblendet® 

Professor A. Sauer of Leipzig noticed amongst a series of rocks collected by 
Dr. E. Riebeck, on the island of Socotra, the blue mineral previously mentioned by 
Professor Bonney, From its optical characters and from the chemical analysis of 
the isolated mineral, Sauer, independently of both Professor Bonney and Mr. Harker, 
referred it to the hornblende-group as a new variety under the name of nebecklle.* 
It seems that, whilst this mineral in many respects resembles arfvedsonite, it 
differs in the fact that most of the iron entering into its composition exists in fer- 
rous combinations,* and it appears from Rosenbusch’s description,^ that the axis of 

* Phil, Ttans.y vol. 174 (1883), p. 283, and pL VII. 

® Min. Mag.i vol. VIII, p. 105. 

® Geol. Mag., dec. Ill, vol. V (1888), p. 22$. 

* Zeitschr. det Deutsek. geol. Gesell., vol. XL (i888), pp. 138-146. 

* Ibid., p. 143. 

* Uid,, pp. 143 * 44 ' 
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optical elasticity which makes an angle of 5° with the vertical crystallographic axis, 
c, is a and not y, as is usual with the amphiboles. In this respect, as well as in the 
condition in which the iron exists, it resembles segirine of the augite-group, and 
thus contributes to the completion of the parallelism between the amphiboles and 
the pyroxenes. 

Since the publication of the above-mentioned researches, riebeckite has been 
recognised in a Coisican granulite by M. U. LeVerrier, ^ and in a rock from Colo- 
rado, which M. A. Lacroix would regard as an elseolite-syenite in which the quarts 
replaces nepheline in a micro-granite from Ailsa Craig, by Mr. J. J, H. Teall ; » 
in eurite-pebbles found by Mr. P. F. Kendall in the glacial drift of the Isle of Man 
and on Moel-y-Tryfan by Professor Grenville A. J. Cole,^ 

The present note records the occurrence of this interesting mineral in India, 
The rock in which it occurs was discovered by Mr P. N. Bose as an intrusive boss 
in the slates of Baling age® between Song and Tikobu, Southern Sikkim.^ 

It is a compact, fine-grained rock, almost slate-grey in colour when fresh, but 
weathering to a pale brown on exposure. Its specific gravity is 278. 

Under the microscope thin sections exhibit quartz, orthoclase, microcline, oligo- 
clase, biotite, riebeckite, sphene, zircon, magnetite, titanoferrite, and, perhaps, apatite. 
The riebeckite occurs in crystals seldom exceeding *034 inch (*o8 cm.) in length 
Q . . . and, more rarely, as much in diameter. From the way in 

^ ^ ^ * which they have been interrupted in their growth by neigh- 

bouring quartz- and felspar-crystals, they rarely present recognisable idiomorphic 
outlines, but frequently exhibit a feeble attempt at ophitic development. The optical 
characters and the characteristic cleavage of amphibole (see figure) demon- 
strate satisfactorily the identity of this mineral with Sauer's riebeckite. The 
pleochroism is — 

a, indigo-blue. 

/ 3 (=;^), deep blue. 

y, yellowish green. 



Horizontal Section of RielecMie. 

* Compies Rend us, voj. ClX (1889), P* 3^* 

* Ibid,, vol, ClX (1889), p. 39. 

® Min. Mag., vol. IX (1891), p. 2x9. 

* Ibid., vol. ix (1S91), p. 222. 

® The uame applied by Mr. F. R. Mallet to a group of sub-metamorphic rocks in the 
Barjeelittg district. GeoL Surv., Ind., vol XI (1874), p. 12). 

* Bose ; Rec.^ Geot. Surif., Ind., vol. XXIV (1891), p, 222. 
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The angle between the vertical crystallographic axis c and a gave 9® as an 
a\erage of twelve measurements varying from 7° 30' to 10® —the intense absorption 
making the measurement of extinction a matter of considerable difficulty. This 
result gives a wider angle than that obtained by Sauer, who found that in the 
Socotra mineral the extinction-angle was about 3 — 4®, whilst Rosenbusch gave it 
as 5°.^ 

Almost every riebeckite crystal is opaque in the centre. This is sometimes due to 

, . . . . 1 -i. a nucleus of magnetite around which the mineral has s:rown J 

Inclusions m riebeckite. . ° ^ 

but occasionally this core is seen to be almost white by reflect- 
ed light, and I could not decide whether it was due to original opaque inclusions or 
to the results of secondary alteration. The fragmentary state of the crystals and the 
large quantities of these opaque inclusions would make a chemical analysis of little 
value, even should it be possible to separate crystals so small from other heavy ferro- 
magnesian silicates in the lock. Besides the larger crystals, minute lath-shaped and 
rod-like crystals presenting similar optical properties occur in the matrix, and are 
presumably also riebeckite-crystals. 

The remaining constituents already enumerated make, with riebeckite, a rock 
which might be classed as a granitite^ 

As in all cases previously recorded, riebeckite appears as a constituent of an 
igneous rock, and accompanied also by zircon and sphene. The mineral recalls in 
some respects the beautiful crystals of glaucopliane, which seem to occur, on the 
contrary, only as a constituent of undoubted metamorphic rocks. 

In the granuliie described by M. Le Verrier horn Corsica, riebeckite occurs 
associated with the zircon and titanium-bearing mica, asti*o- 
Paragenesis of rie* phyllitc ; in the Colorado rock described by M. Lacroix, it 
is associated with aslrophylhte and pyrochlorc— a columbate 
of lime and cerium. In this lock, found by Mr, Bose, and in nearly all cases hither- 
to recorded, zircon- and titanium -bearing minerals seem to accompany riebeckite. 
This association with the so-called rare metals (whose habits are daily becoming 
more familiar to mineralogists and chemists) seems to be a point worthy of at- 
tention : it seems likely that before long a mineral, more so than a man, will be 
known by the company it keeps, and it will please the curious to discover the 
qualifications by which an entrk is obtained to the select circles of Brevig and Fried- 
erichsvarn in Norway, Miask in the Urals, and, soon we shall be able to say, Salem 
in Madias. 


■ 4 ^ 


Coal on the Great Tenasserim River, Morgui District, Lower Burma, hy 
T. W, H. HuGHfeS, Svperiniendenti Geological Survey of India* 

The announcement of the discovery of coal on the Groat Tenasserim River 
prompts me to point out that many years ago, and soon after our occupation of the 
Siamese districts which we had wrested from the Burmans, the existence of coal at 
various spots on the Great Tenasserim River was made known. 

Sauers 0^ cif., pp. 143 and 144. 
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Amongst the first explorers of the country, the chief ones were Dr. Holfer in 
1838, Captain G. B. Tremenheeie in 1841, and Dr. Oldham in 1855. The latter 
gives a list of places where coal occurred in the Great Tenasserim valley : 

Heinlap, Hinlat, 

Kanmapying, Kaw-ma-pyin^ 

Pawort, Pawtit, 

Thatay-hkhyoang, Kyauk-mi-thwe, 

and he describes the coal-seam that was worked experimentally in 1843, and which 
is alluded to as the Thatay-hkhyoung coal Kyauk-mi-thwe coal or Thendaw coal, 
in the various publications and official papers referring to it. 

The discovery of coal, therefore, this year is a re-opening, and is only so far 
new, in that coal has been proved at another point. 

It was deemed advisable, while carrying on prospecting operations for minerals 
generally in the Mergui district, to furbish our information while the means for 
doing so were at hand,— and perhaps by calling attention once again to the value 
of the Tenasserim coal-field, afford an opportunity to mining venturers of satisfying 
their ruling taste. 

The coal tested by our party, crops out in the Hti-phan-ko stream, a tributary 
on the right bank of the Great Tenasserim River, 24 miles due east of the town 
of Mergui. Two pits were sunk on the seam by Mr. Alexander Primrose, who had 
charge of the prospecting operations, and the section is, descending — 

Surface soil, etc. — 

Coal 0' 10'^ 

Shale 2' o'' 

Coal 2' 3" 

Shale 2! d* 

Coal 4' 6" 

Total seam .12 7 

»i coal . 2 _ 7 

The angle of dip is high, being as much as 32°. Direction, slightly S. of E. 

Analyses of three samples, two (A and B) from the upper 2' 3" layer, and one 
(C) from the bottom 4' 6 " bed, have Ijeen made by Mr. T. H. Holland, Curator 
of the Geological Museum, and the results are ; — 


Specimen ** jA ” 


Specimen ** Bt* 


Specimen 


Moisture 

« • 

. 15*20 

10*80 j 

n *34 

Volatile matter 

# • 

. 30’ o 8 

27-36 

36-40 

Fixed carbon . 

tt 

• 4 

. 3086 

42-52 

43 ’a 7 

Ash , 

• 

. 2386 

19*32 

8-99 



100*00 

XOO’OO 

100*00 


Does not cake. 

Ash, reddish brown. 


I Does not cake. “ 
I Ash, reddish brown. 


Does not cake. ““ 
Ash, reddish brown. 
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Specimen A.— Fissile parallel to the planes of stratification, the cleavage- 
planes being dull, possibly from films of argillaceous 
material. Fracture across the bedding planes, rather un- 
even, and, where carbonaceous matter is more concentrated, 
feebly conchoidal ; these surfaces exhibit a shining lustre. 

Specimen B.— .Similar physical characters to A. 

Specimen C. — Breaks in all directions with a conchoidal fracture, the surfaces 
invariably exhibiting a shining lustre. None of the speci- 
mens soil the fingers, in this lespect differing from most of 
the Indian coals of younger age. 

The bottom coal (specimen C) is the one I would more particularly call atten- 
tion to, as it is a hard jetty variety, well fitted to stand the wear and tear of 
tiansport, and contains very little pyrites. 

Trials were made to test its efficiency in the Government steam launch 
Mergui\ and it gave satisfactory results, there being no difficulty with untrained 
firemen in raising and keeping 95^ of steam on a long course. There was a 
little clinker. 

The commercial value of the Tenasserim field depends, as I am aware, upon 
questions other than those of the mere quality or quantity of the coal, but it is a 
strong point in its favour when the coal is above the average Indian standard, as 
this is, 

The locality in which it occurs is unfortunately situated for labour transport 
and shipment, disabilities representing a less profit to lessees. But I think the 
following estimate will cover the charges for one ton of coal at the pit side, on an 
out-put of 10,000 tons a year 


^ a. p. 

Labour • • • . • • .280 

Stores • . . . , « .100 

Establishment and supervision • . . 100 

Haulage and contingencies . . . . 100 

Royalty • . . , . . .040 


R 5 12 o 


Transport to Mergui, R2-0-0. 

A market other than the local one must be found. Two exist, in Rangoon and 
Penang, in both of which there would be a large sale for a good steam coal at low 
xates. 

What I have written is simply to recall the fact that there is coal on the Great 
Tenasserim River, and it rests with those who may be inclined to embark in coal- 
mining to make such personal investigations as will satisfy themselves that the 
prospects of success are promising or otherwise. 

The quantity of coal is abundant ; and &0 soon as the map prepared this season 
by the Topographical Survey is issued, the proximate boundaries of the field will 
be marked, and a fuller paper with a coloured map will be published. 


1 st July^ iSga, 


T. W. H. HUGHES* 
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GEOLOGICAL SURVEY OF INDIA DEPARTMENT* 


TRI-MONTHLY NOTES. 
No. 12.— Ending 31ST July 1892* 


Director"* s Office^ Calcutta^ ^isi ^uly 1892, 

The Director, Dr. W. King, having taken privilege leave from the 24th of June 
last, Mr. T. W. H. Hughes has been appointed to oiEciate during the Director's 
absence. 

In the present number of the Records Mr. Hughes has given an account of the 
occurrence of coal on the Great Tenasserim River, Mergui district, South Burma. 

Mr. Griesbach and Dr. Diener left Calcutta on the 12th of May and were joined 
by Mr. Middlemiss at Naini TaL The party proceeded vid Almorah for the 
purpose of working out the palaeontology and stratigraphy of the triassic rocks in 
the Central Himalayas. 

Mr. LaTouche has made a report on the oil-springs near Moghal Kot in the 
Shirani country, with a description of the stratigraphical characters of the oil-bear-* 
ing and associated rocks. Specimens of the oil collected at two points of outflow 
have been examined in the laboratory by Mr. Holland. One of the samples (A) 
exhibited certain chemical characters markedly like those of the specimen col- 
lected by Mr, Oldham two years ago, but the latter had lost its more volatile hydro- 
carbons by exposure in a shallow pool. By subjecting the former to artificial 
exposure, in imitation of the natural conditions, the volatile naphthas disappeared, 
and the residue gave a flashing point, specific gravity and fractional distillation 
strikingly near those of Mr. Oldham's specimen. The chemical results confirm 
also the opinion expressed by Dr. Warden in 1890 that ‘‘a large supply of a 
natural oil of this quality would simply drive all foreign oils out of the market/' 
But Mr. LaTouche confirms the statement previously made by Mr, Oldham as to the 
limited suppiy of the oil, and in his report on the subject, which will be published 
in the next part of the Records, he makes certain suggestions for the purpose of 
obtaining a larger flow than that now obtainable at the surface. 

Mr, Mallet, late Superintendent in this Department, shows his continued interest 
in Indian mineralogy by generously following up his translation of Lacroix's petro- 
logical researches on certain South Indian and Cinghalese rocks, with an interesting 
contribution clearing up the difficulties with regard to the locality of the mineral 
UcJieffkinik {vide p. 123)* The occurrence of this comparatively rare mineral on 
Kanjamalai in the Salem ffistrict, interestingly coincides with Mr. Holland's re- 
ference to the hypersthene- and olivine-bearing ultra-basic and other igneous rocks 
which have disturbed the rich iron-ore beds on the north-western slopes of the 
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same hill. These facts, together with the petrological work of M. Lacroix pub- 
lished in the last volume, lend some support to the expectation that Salem district 
will some day prove as rich in mineral variety as the natural museums of Norway 
and the Urals. 

Amongst the features of interest noticed by Mr. Datta in his examination of the 
Sagaing district in Burma may be mentioned the occurrence of nodular iron-pyrites 
in sandstones, which the natives of the district formerly employed as a source of 
sulphur for the manufacture of their gunpowder. Mr. Datta is preparing a report 
on his work in this and in the Pakokku and Thayetmyo districts. 

The nodules collected near Utatur in the Trichinopoly district by Dr. Warth 
contain, as he suggested, large proportions of phosphoric acid. Specimens analysed 
in the laboratory yielded on an average nearly 60 per cent, of phosphate of lime. 
Although the value of phosphates has lately been considerably depreciated on ac- 
count of the finds in Algeria and Florida, the Trichinopoly deposit ought to prove 
of service on the southern tea and coffee plantations when converted into superphos- 
phate ; and there seems no reason why sulphuric acid should not be manufactured 
in India for such a purpose. 


List of Reports and Papers sent into the Office for publication or record 
during May, June and July i8g2. 


Author. 

Subject, 

Disposal. 

Theo. W. H. Hughes . 

Coal on the Great Tenas- 
scrim River, Mergui 
district, Lower Burma. 


C, L. Griesbach . 

Geological sketch of the 
country north of 

Bhamo. 


Fite. Nobtling . 

Preliminary Report on 
the economic resources 
' of the Amber and Jade 
Mines area in Upper 
Burma. 

i Appear in the current Records, Geo- 
logical Survey of India. 

T. H. HottANP • 

Preliminary Report on 
the Iron-ores and Iron- 
industries of the Salem 
district. 


T, H. Holland . 

On the occurrence of 
Riebeckitein India. 


T. H- Holland . ♦ 

The Iron-ores and Iron- 
industries of the south- 
ern districts, Madras 
Presidency. 

To appear as a preliminary hand-book 
for Imperial Institute. 
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last of Assays and Examinations made in the Laboratory, Geological Sur- 
vey of India, during the months of May, June and July iSga. 


Substan::e. 

For whom. 

Result. 

Three specimens of phos- 
phatic nodules from 
Utatur, Perambular 

taluq, Trichinopoly dis- 
trict. 

Dr. H. Warth, Officiat- 
ing Superintendent, 

Government Central 
Museum, Madras. 

Specimen “ A**— 

Quantity received 12 1 h. 

Contains 23 54 7 o phosphoric anhy- 
dride (PsjOs). 

Specimen “ B 

Quantity received ij oz. 

Contains 30*0 °/ phosphoric anhy- 
dride (P^Oj). 

Specimen ** C ” — 

Quantity received gi oz. 

Contains 26 'i 2 °/o phosphoric anhy- 
dride (PgOs). 

One specimen of quartz * 

Octavius Steel & Co., 
Calcutta. 

Assayed for gold and silver. 

One specimen of graphite 

Steel Bros. & Co., Ld., 
Rangoon. 

Carbon determined. 

One specimen of dearth 
for analysis from H is 
Highness the Amir of 
Afghanistan. 

Walsh Lovett & Co., 
Calcutta. 

«Lignite. (Peat passing into lignite, 
with roots of plants and a large num- 
ber of fresh-water shells.) 

One specimen of galena 
with quartz. 

F. W. Heilgers & Co , 
Calcutta. 

Assayed for lead and silver. 

One specimen of quartz, 

» No. i6.»' 

Barry & Co., Calcutta . 

Assayed for gold and silver. 

One specimen of iron py- 
rites with quartz from 
Nantyok, Hcnzai^ Tavoy 
district, Burma^ for gold. 

P. N. Bose, Geological 
Survey of India. 

Contains no gold. 

Two specimens of ‘‘quartz^' 

F. W. Heilgers & Co., 
Calcutta. 

Talc-schist with pyrites. Assayed for 
gold and silver. 

Three specimens of coal, 
from Kaw-ma*pyn, 

Great Tenasserim val- 
ley, Burma. 

T. W. Hughes, Geologi- 
cal Survey of India. 

Specimen " A (Upper seam)— 
Quantity received 

Moisture , . . ,5-20 

Volatile matter . , 30 08 

Fixed carbon • . 30*^ 

Ash ... 23-86 



100-00 

Does not cake. Ash— reddish brown. 
Specific gravity, i’47. 
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List of Assays and Examinations made in the Laboratory^ Geological 
Survey of India^ during the months of May, June^ and July^ iHg2 
—continued 


Substance. 


For whom. 


Specimen “ B (Upper seam) — 
Quantity received 2lfe, 

Moisture , , , 10*1 

Volatile matter , , 27*; 

Fixed carbon , , 42*] 

Ash' . . •10; 


Does not cake. Ash — dark reddish 
brown. 

Specific gravity 1*40. 

Specimen “ C ” (Lower seam) — 
Quantity received i^tb. 

Moisture . , .1134 

Volatile matter . ,3640 

Fixed carbon • . 43 27 

Ash . . • 8 QQ 


Two specimens of quart^, 
Nos 2 and 3, from the 
Kedanak tninesi Mount 
Ophir, Johore. 

One specimen from the 
Dundot colliery. 


Sinters slightly. Ash — reddish brwon, 
Barry & Co., Calcutta . Assayed for gold and silver. 


W, B, D. Edwards, 
Geological Survey of 
India. 


Two specimens from Nan- 
tyok, Henzai, Tavoy 
district, Burma. 

Two specimens from 
Dehra Doon, N.-W. 
Provinces. 


One specimen from Balu- 
chistan. 


One specimen from Dod - 1 
dancombai forest, Saty- 
amangalam taluq, Coirn**; 
batore* 


P. N. Bose, Geological 
Survey of India. 


W. PouLTER, Mussoorie 


Pyrites with sulphate of iron efflores- 
cence. 

Mispickel. 

No.^ I.*— Fine powder composed of clay, 
minute sand grains, and powdered 
pyrites. 

No. 11 — Sand, quarts, gralar, mica 
hornblende and pyrite. 


Executive Engineer, Pub- 
lic Works department 
(Zhob division), Fort 
Sandeman. 

District Forest Officer, 
Coimbatore, 


Iron pyrites. 


Magnetite. 
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List of Assays and Examinations made in the Laboratory^ Geological 
Survey of India ^ during the months of May^ June^ and July^ i8g2 
— concluded. 


Substance. 

For whom. 

Result. 

One specimen 

J. Jarbo, Sub-Divisional 
Officer, Bandarban, Chit- 
tagong Hill Tracts, 

Sulphate of alumina and sulphate of 
iron, with traces of lime. 

One specimen 

Mactavish & Co., Cal- 
cutta. 

Bengal Coal Company, 
Calcutta. 

Bitumen (asphalt). 

Coal. Specific gravity, 1*38. 


Notification by the Government of India during the months of May ^ yune^ 
and July jSp2, published in the “ Gazette of India f Part L — Leave* 


Department. 

Number of 
order and date. 

Name of officer. 

Nature of 
leave. 

With effect 
from 

Date of 
return. 

Kemaiks. 

! 

Revenue and 

Agricultural 
Department. 

1070 „ 

Surveys, 

dated 31st May 
1892. 

William King 

Privilege . 

25th June 
1892. 

... 



Notifications by the Government of India during the mofiihs of May^ 
June and July iSp2f published in the Gazette of Indiafi Part /, 
-^Appointment^ Confirmation^ Promotion, Reversion and Retire-^ 
meni* 


Department, 

Number of 
order 
and date. 

Name of 
officer. 

From 

To 

Nature 

of 

appoint- 

ment, 

etc. 

With 

effect 

from 

Remarks. 

Revenue and 
Agricultu- 
ral Depart- 
ment, 

Sur- 

120 

veys, dated 
31 5t May 
1892. 

Theo. W. H. 
Hughes. 

Super j n - 
tendent. 

Officiating 

Director. 

Acting, 

tempo- 

rary. 

25th June 
1892. : 


Ditto , 

■f , 

veys, dated 
14th July 
1892. 

H. B. W. 
Garrick. 

Artist 


Substan- 

tive. 

ist July 
1891. 
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Annual Increments to graded Officers sanctioned hy the Government of 
India during May^ June and July iSgs^ 


Name of officer. 

From 

To 

With effect 
from 

No, and date of 
sanction. 

Remarks. 


R 





R. D. Oldham . 

850 

900 

1st May 

1S92. 

Revenue and 

Agricultural 
Department, 
No. Sur- 






veys, dated 

1st July 1892. 


W. B. D. Edwards . 

35° 

380 

6th June 

X892. 

Revenue and 

Agricultural 
Department, 

No.^®, Sur- 






veys, dated 

14th July 1892. 



Postal and Telegraphic Addresses of Officers. 


Name of officer. 

Postal address. 

Nearest Telegraph office. 

T. W. H. Hughes 


Calcutta • 

• 


Calcutta, 

C. L. Griesbach 


Almora, N. W. P, 

* 


Almora. 

R. D. Oldham . 

^ m 

Calcutta . 

m 


Calcutta, 

P. N, Boss . . • • 


Do. 

• 


Do, 

T. H. D. LaTouche . 


Kulu , * 

• 


Kulu. 

C. S. Middlbmiss 


Almora, N. W. P, 

• 


Almora* 

W, B. D. Edwards 


Murree , • 

• 


Murree. 

P, N. Datta . . • 

• 

Calcutta • • 



Calcutta, 

F. Noetlino 

♦ 

Mandalay . 



MaiwfiUy. 

Hira Lal , • * , 


Dakha 

• 


Ludhiana. 

Kishen Singh . 


Mandra , • 

• 


Mandra. 
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DONATIONS TO THE MUSEUM. 

From ist May to 31ST July 1892. 

I Box of fossils . 

Presented by H. B. Addis, Executive Engineer, Mid-Indus Division, 

Frontier Railway. 

Sheets of muscovite, from the Gya District. 

Presented by E. T. Hollingsworth, Calcutta. 

1 specimen of fuller^s earth. 

Presented by Col. D. G. Pitcher, Department, Land Records, 

Gwalior State. 

2 specimens of Iron pyrites, fiom the Simla District. 

Presented by A. R. Tucker, Registrar, Revenue and Agricultural 

Department, Simla. 

I specimen of anhydrite and gypsum, from the brick-red gypsum above the Rock Salt 
Mayo Mines, Punjab. 

Presented by Dr. H. Warth, Ofiiciating Superintendent, Govern- 
ment Central Museum, Madras. 


ADDITIONS TO THE LIBRARY. 

From ist April to 30TH June 1892. 

TiHbs Boohs* Doftovs* 

Blair, A* ^.— Chemical Analysis of Iron. 2nd Edition. 8® Philadelphia, 1891. 

Boutan, M, E* — Le Diamant. S° Paris, 1886. 

Bronn's Klassen und Ordnungcn des Thier-Reichs. Band IV, lief 18-20, 8° Leipzig, 

1892. 

Forbes, Dr, Dun can. Dictionary of Hindustani- English and English-Hindustani,* 
S'" London, 1858. 

Ga“rrot>, Sir A* B* — The Essentials of Materia Medica and Therapeutics. 8® London, 
1892. 

Groth, P.— Physikalische Krystal lographic. 8® Leipzig, 1885. 

Howe, H* M, — The Metallurgy of Steel, Vol. I, 2nd Edition. 4® New York, 1891. 

Klein, D;". iV. y. — Jahrbuch der Astronomie und Geophysik. II Jahrgang, 1891. 8® 
Leipzig. 1892. 

Lfivy, A, Michel, and Lacroix, ^ 4 ^.— Les Minlraux des Roches. 8® Paris, 1888. 

Lock, C. G* \N^arn/ord.*^The Miners’ Pocket Book. 8® London, 1892. 

Mill, R . — ^The Realm of Nature; an outline of Physiography. 8® London, 1892* 

Mills, E. J*, and Rowan, F. 5^.— Chcmic<il 1 echnology or Chemistry in its application 

to Arts and Manufactures, Vol. L 8** London, 1889, 

Rankine, W, J* IF'.— 'A Manual of Civil Engineering, x8lh Edition. 8® London, 1891. 

Roscoe, H, E* — Lessons in Elementary Chemistry, Inorganic and Organic. New 
Edition# 8® London, 1891. 

SuTTONj Friincis.~h systematic Handbook of Volumetric Analysis. 6th Edition. 8® 
London, 1890. 

Try ON, George IF# y.— Manual of Conchology. Vol. XU, part 51, and 2nd Series, 
Vol. VI, part 27. 8® Philadelphia, 1892. 
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PERIODICALS, SERIALS, etc. 


Titles of Booh, Donors, 

American Journal of Science. Vol. XLIII, Nos. 256-257. 8® New Haven, 1892. 
American Naturalist. Vol. XXVI, Nos. 301 and 303.305. 8° Philadelphia, 1892. 
Annalen der Physik und Cbemie. Neue Folge, Band XLV, heft 3-45 and XLVI, heft i. 
8® Leipzig, 1892. 

Annales de Giologie et de Paleontologie. Liv. 10. 4® Palerme, 1892. 

Annals and Magazine of Natural History. Vol. IX, Nos. 52-54, 8° London, 1892. 
Athenaeum. Nos. 3360-3372. 4® London, 1892. 

BeiblMer zu den Annalen der Physik und Chemie. Band XVI, Nos, 2-4. 8® Leipzig, 
1892. 

Chemical News. Vol. LXV, Nos. 1686-1698. 8° London, 1892. 

Colliery Guardian, Vol. LXIII, Nos. 1629-1641. Fol. London, 1892. 

Geological Magazine. New Series, Decade III, Vol. IX, Nos. 2-6. 8® London, 1892. 
Indian Engineering. Vol. XI, Nos. 14-26. Fisc. Calcutta, 1892. 

Pat. Doyle. 

Iron. Vol. XXXIX, Nos. 1001-1013. Lcmdon, 1892. 

Mining Journal. Vol. LXII, Nos. 2951-2963. Fol. London, 1892. 

Nature. Vol. XLV, No. 1168 to XLVI, No. 1180. London, 1892. 

Neues Jahrbuch fiir Mineralogie, Geologic und Palaeontologie. Band I, heft 2 ; and 
Beliage-Band, VIII, heft i. 8® Stuttgart, 1892. 

Oil and Colourman’s Journal. Vol. XIII, Nos. 141-142. 4® London, 1892. 
Palaeontographica. Band XXXVIII, lief 3-6, and XXXIX, lief i. 8® Stuttgart, 
1892. 

Petermann’s Geographischer Mittheilungen. Band XXXVIII, Nos. 3-5. 4*^ Gotha, 
1892- The Editor! 

Scientific American. Vol. LXVI, Nos. 10-22. Fol., New York, 1892. 

„ Supplement, Vol. XXXIII, Nos. 844-"856. Fol., New York, 1892. 

The Indian Engineer. Vol. XIII, Nos. 260-272. Fisc., Calcutta, 1892. 


Zoological Record. Vol. XXVII (1890). 8° London, 1892. 


J. MacIntyre, 


GOVERNMENT SELECTIONS, REPORTS, etc. 

BoMBAY.—Selections from the Records of the Bombay Government New Serie 
Nos. 253 3 -tid 255, Fisc., Bombay, 1892. Bombay Government. 
Burma.— Twenty-fifth Annual Report on the Light Houses and Light Vessels off the 
Coast of Burma, for 1891-92. Fisc., Rangoon, 1892. 

Chief Commissioner, Burma 
India.— Government of India Civil Budget Estimates for 1892-93. FIsc„ Calcutta, 1892 

Government of India. 

„ List of Civil Officers holding gazetted appointments under the Government of 
India in the Home, Legislative, Foreign, and Revenue and Agricultural 
Departments, corrected to ist January 1892. S’* Calcutta, 1892. 

Government op India, 

Monthly Weather Review for August to October 1891. Fisc., Calcutta, 1802. 

MbTEOROLOGlCAt REfORI I,R TO GOVERNMENT OF InDU. 
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Additions to the Library. 


Titles of Books, Donors^ 

India.— Quarterly Indian Army List. New Series, No. ii. 8° Calcutta, 1S92. 

Government op India. 

„ Register of Original Observations in 1891, reduced and corrected, August to 
October 1891. 4.® Calcutta, 1892. 

Meteorological Reporter to Government of India. 
„ Selections from the Records of the Government of India in the Foreign Depart- 
ment, No. 287. Fisc., Calcutta, 1891. 

Foreign Department* 


TRANSACTIONS, PROCEEDINGS, etc., OF SOCIETIES, SURVEYS, etc. 

Adelaide.— Transactions of the Royal Society of South Australia. Vol. XIV, pt, 2. 

8“ Adelaide, 1892. The Society. 

Allahabad. — Minutes of the Managing Committee, Lucknow Provincial Museum, from 
April 1889 to March 1891. 8® Allahabad, 1892. 

The Committee, Lucknow Museum. 
Ballarat. — Annual Report of the Ballarat School of Mines, Industries and Science, in 
the University of Melbourne, for the year 1891. 8° Ballarat, 1892. 

The School op Mines. 

Baltimore, — Johns Hopkins University Circulars. Vol. XI, Nos. 96-97. 4® Baltimore, 
1892. Johns Hopkins University. 

Batavia.— Naturkundig Tfidschrift voor Nederlandsch-Indie. Deel LI. 8° Batavia, 
1892. Batavian Society. 

„ Notulen van het Bataviaasch Genootschap van kunsten en Wetenschappen. 

Deel XXIX, Afl. 4. 8® Batavia, 1892. Batavian Society. 

„ Tijdschrift voor indische Taal-Land-en Volkenkunde. Deel XXXV, Afl. 2, 
8^ Batavia, 1892. Batavian Society. 

Belfast.— Report and Proceedings of the Belfast Natural History and Philosophical 
Society for the Session 1890-91. 8® Belfast, 1892. 

The Society. 

Berlin.— Sitzungsberichte der Koniglich Preussischen Akad. dcr Wissenschaftan, Nos. 

XLI to LlII ;and Index. 8® Berlin, 1892. The Academy. 

Bombay.— Journal of the Bombay Natural History Society. Vol. VI, No. 4. S'® Bom^ 
bay, 1891. The Society, 

Brisbane.— Annals of the Queensland Museum. No. 2. 8° Brisbane, 1892. 

The Museum. 

„ Proceedings and Transactions of the Queensland Branch of the Royal Geo- 
graphical Society of Australia. Vol. Vll, pait i. 8® Brisbane, 1892. 

The Society. 

Budapest.— Term^szetrajzi Fuzetek. Vol. XV, Nos, 1-2. 8® Budapest, 1892. 

The Hungarian National Museum. 
Buffalo. — Bulletin of the BuHalo Society of Nat. Sciences. Vol. V, No. 3. 8® Buffalo, 
i8qi. The Society. 

Caen.— Bulletin de la Socidtd Linn^enne de Normandie. 4”** Serie, Vol. V, fasc, 3-4. 

8° Caen, 1892. The Society. 

Calcutta.*— Epigraphia Indicaof the Archaeological Survey of India, Vol. II, part 9; 

and Index to Vol. I. 4® Calcutta, 1892. Government of India. 
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Calcutta.— Journal of the Asiatic Society of Bengal. Vol. LXI, part I, No. i, and 
part II, No. I ; and Title page and Index to Vol. LX, part II, Nos, 
1-4 of 1891. 8° Calcutta, 1892. The Society. 

„ Proceedings of the Asiatic Society of Bengal. No. 3. 8® Calcutta, 1892. 

The Society. 

„ Records of the Geological Survey of India. Vol. XXV, part 3, 8® Cal- 
cutta, 1892. Geological Survey op India. 

„ Report of the 14th Annual Meeting of the Indian Association for the Culti- 
vation of Science, held in April 1891. 8® Calcutta, 1892. 

The Association. 

„ Survey of India Department Notes for March to May 1892, Fisc. 

Calcutta, 1892. Survey op India Department. 

Cambridge, Mass , — Bulletin of the Museum of Comparative Zoology. Vol. XXIII, 
No. 1 . 8® Cambridge, Mass., 1892. The Museum. 

Colombo.— Journal of the Ceylon Branch of the Royal Asiatic Society, Vol. XI» No. 
38. 8® Colombo, 1892. 

Dehra Dun. — Synopsis of the Results of the Operations of the Great Trigonometrical 
Survey of India. VoL XXV. 4® Dehra Dun, 1891. 

Great Trigonometrical Survey of India. 


Dresden,— Sitzungsberichte und Abhandlungen der Naturwissenschaftlichen Gesells- 
chaft Isis in Dresden. Jahrg. 1891, July to December. 8° Dresden, 

1892. Isis Society- 

Edinburgh. — Scottish Geographical Magazine. Vol. VIII, Nos. 4-6. 8® Edinburgh, 

1892, Scottish Geographical Society. 

„ Transactions of the Edinburgh Geological Society. Vol. VI, pt. 3. 8® 
Edinburgh, 1892. The Society. 

Harrisburg.— Geological Survey of Pennsylvania. Atlas, Southern Anthracite Field, 
part IV, A.A. ; Atlas, Northern Anthracite Field, part VI, A. A.; 
Atlas, Western Middle Anthracite^ Field, part III, A. A. 8® Harris- 
burg, 1889. Geological Survey, Pennsylvania. 

„ Report of Progress of the 2nd Gool.. Survey of Pennsylvania, F, 3. 8® 

Harrisburg, 1891. Geological Survey, Pennsylvania. 

Lausanne.— Bulletin de la Soci^te Vaudoise des Sciences Nalurelles. 3™® Serie, Vol. 

XXVII, No. 105. 8® Lausanne, 1892. The Society. 

Lille, — Annales de la Soci 4 t 6 Geologique du Nord. Tome XIX. 8® Lille, 1892. 

The Society* 

London.— Journal of the Chemical Society. Nos, 352-354. 8° London, 1892 

F. R. Mallet. 

>» Jwrnal of the Society of Arts. Vol. XL, Nos. 2052-2063, b® London, 1892. 

Tbe Society. 

„ Mineralogical Magazine and Journal of the Mineralogical Society. Vol. IX, 
No. 44. 8® London, 1892. 

„ Proceedings of the Royal Geographical Society. New Series, Vol. XIV, Nos. 

1 and 3. 8® London, 1892. The Society. 

„ Proceedings of the Royal Society of London. Vol. L, Nos. 303 and 305. 8® 
London, 1892. The Society, 

« Proceedings of the Zoological Society of London. Part IV, and Index from 
1881*1890. 8® lyondon, 1892. The Society. 

„ Transactions of the Zoological Society of London. Vol. XIII, part 4, 4® 
London. 1892. The Society, 
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London.— Quarter!}. Journal of the Geological Society. Vol XLVIII, No 190. 8° 

London, 1892. The Society. 

„ Report of the 6ist Meeting of ilieBriti*5h Association for the Advancement 
Science, held at Cardiff in August 1891. 8° London, 1892. 

I oNDRES.— Congr^s Gdologique International, 4.“® Session, 18S8. 8® Londres, 1891. 

Madrid — Boletin de la Sociedad Geografica de Madrid Tome XXXII, Nos 1-4.. 

8® Madrid, 1892. The Society, 

Manchester^ — Memoirs and Proceedings of the Manchester Literary and Philosophical 
Society. 4 th Series, Vol. V, No. i. 8° Manchester, 1891-1892, 

The Society. 

„ Transactions of the Manchester Geological Society. Vol. XXI, parts 14- 
17. 8® Manchester, 1892. The Society. 

Minneapolis.— Bulletin of the Minnesota Academy of Natural Sciences. Vol. Ill, No. 

2. 8® Minneapolis, 1892. The Academy. 

Montreal. — Annual Report of the Geological and Natural History Survey of Canada, 
for the year 1888-89. New Series, Vo'. IV 8* Montreal, 1890. 

Geol. and Nat. Hist. Survey, Canada, 

Moscow.— Bulletin de la Socidtd Imperialedes Naturalistes. No. 4. 8® Moscow, 1802. 

The Society. 

Naples.— Atti della Reale Accademia delle Scienze Fisichee Matematiche. S 4 rie 2, 
Vol. IV. 4° Napoli, 189T. *1 HE Academy. 

Newcastle-upon-Tyne. — Transactions of the North of England Institute of Mining 
and Mechanical Engineers. Vol. XLI, part i. 8° Newcastle-upor- 
Tyne, 1892. The Institute. 

Paris.— Am ales dcs Mines. 8®"® S^rie, Tome XX, livr. 5 et 6, and 9”® S 4 rie, 
Tomel, Uvr, 2. 8° Paris, 1892. Department of Mines, Paris. 

„ An uaire G^ologique Universel Revue de Gdologie et Paleontologie, Tome, 
VII, fasc.4 (1890). 8® Paris, 1892. The Editor. 

„ Bulletin de la Socidtd Gdologique de France. 3“® S^rie, Tome XIX, Nos. 9- 
II. 8® Paris, 1890-1891. The Society, 

,, Compte Rendu des Sdances de la Socidtd de Geographie. Nos. 5-8. 8®. 

Paris, 1892. The Society. 

Perth. — Annual General Report of Western Australia for the years 1888-1890, by Harry 
Page Woodward, Govt. Geologist, 8® Perth, 1890-1891. 

The Author. 

„ Report on the Goldfields of the Kimberley District, Western Australia, by 
Harry Page Woodward, Govt, Geologist. 8® Perth, 1891, 

The Author. 

Philadelphia.— Journal of the Franklin Institute. VoL 133, Nos, 3-5. 8® Philadelphia, 
1892* The Institute. 

„ Proceedings of the American Philosophical Society. Vol. XXIX, 
No 136; and List of Surviving Members on 9th January 1892, 
8® Philadelphia, 1892. The Society. 

Pisa.— Atti della Societa Toscana di Scienze Naturali. Mdmorie, Vol. VI, fasc. 3. 

8® Pisa, 1892. The Society. 

« Atti della Socicta Toscana di Scienze Naturali* Process! Verbali. Vtd. VUI, 
pages t-48, 8® Pisa, 1892. The Society, 

Rochester.— Bulletin of the Geological Society of America. Vols. I and 11. 8® 
Rochester, 1890-1891. The Society. 
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Rome. — Atti della Reale Accademia dei Lincei. Serie V, Rendiconti, Vol. I, fasc. 3-8. 

S'* Roma, 1892, 'The Academy. 

„ R, Ufficio Geologico. Memorie descrittive della Carta Geologica d’ Italia* 
Vol. VII. 8° Roma, 1892. . Geological Survey of Italy. 

St. Petersburg.— M^moires de L’Acadtoie I mperiale des Sciences deSt. Petersbourg. 
Tome XXXVIII, Nos. 4-6. 4® St. Petersbourg, 1891. 

The Academy* 

Singapore.— Journal of the Straits Branch of the Royal Asiatic Society. No. 23. S'* 
Singapore, 1892. The Society' 

Sydney. — Journal and Proceedings of the Royal Society of New South Wales. Vol* 
XXV. 8^ Sydney, 1892. The Society* 

„ Proceedings of the Linnean Society of New South Wales 2nd Series, Vol. 

VI, pt. 3. 8® Sydney, 1892. The Society* 

„ Australian Museum, Sydney. Catalogue of the Marine Shells of Australia and 
Tasmania. Part I, Cephalopoda. 8® Sydney, 1892. The Museum* 
„ Records of the Australian Museum. Contents and Index to Vol. I ; and 
Vol. II, No. I. 8® Sydney, 1892. The Museum. 

„ Records of the Geological Survey of New South Wales. Vol. II, part 4. 

8® Sydney, 1892, The Survey. 

Tokyo.— Transactions of the Asiatic Society of Japan. Vol. XIX, pts. 2-3. 8® 

Tokyo, 1891. The Society* 

Toronto.— Transactions of the Canadian Institute. Vol. II, part. i. 8® Toronto, 1891* 

The Institute. 

Turin.— Atti della R. Accademia delle Science di Torino. Vol. XXVII, disp. 3*8. 8® 
Torino, 1893. The Academy. 

Vienna.— Annalen des K. K. Naturhistorischen Hof-Museums. Band VI, Nos. i-2, 8® 
Wien, 1S92. The Museum. 

„ Verhandhungen der K. K. Geologischen Reichsanstalt. Nos. 2-3. 8® Wien, 
1892. The Institute. 

Venice. — Atti del Reale Istituto Veneto di Scienze Lettere ed Arti. Series VII, Tomo. 
II, disp. 10, and Tomo III, disp, 1-3. 8® Venezia, 1890-92. 

The Institute* 

Washington*— Bulletin of the United States Geological Survey. Nos, 17, 27, and 42. 
8* Washington, 1885-1887. 

,, Proceedings of the United States National Museum. Vol. XIII. 8® 

Washington, 1891. The Museum. 

Yokohama.— Mittheilungen der Deutshen Gesellschaft fur Natur und Volkerkunde 
Ostasiens in Tokio. Band V, heft. 47. 4® Yokohama, 1B92. 

The Society. 

Zurich.— Neujahrsblatt herausgegeben von der Naturforschenden Gesellschaft. No. 94, 
4® Zurich, 1892, The Society* 

„ Vierteljshrschrift der Naturforschenden Gesellschaft in Zurich. Jahrg. 

XXXVI, heft 3.4. 8® Zurich, 1891* The Society, 


MAPS. 

Berghaus, Processor Dr. Hermann.— Physikalischer Atlas. Nos. 19-24. Maps, 
Gotha, 1889-1891. 

Dunn, E, Geological Sketch Map oi South Africa. Map, Melbourne, 1887. 
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MEMO. 

The Geological Sketch Map of Sikkitn^accom^ 
partying this issue^ is referred to in Article j, 
published in the Records of the Geological 
Survey of India, Volume XXIV, Part 4, 




ERRATA. 

Records, Geological Survey of India, Vol. XXV, pages 123-127. 


Page. 

1 Line. 

For 

Read 

124-S-<5 

... 

Langier • . . . 

Laugier. 

124 

3 from bottom 

• • • • . 

rile. 

1®S 

24 

Kantiamalee . 

Katxtiamal’e 

1 25 

5 from bottom 

it j I* 

C.J» 

126 

2X 

earths and sesquioxides 

earths sesquioxidft* 



ERRATA, 


RECORDS OF THE GEOLOGICAL SURVEY OF INDIA, VOL. XXV, PART p 
O n page 6i, line 19 from below, read; skiHing. 

)» >» 62, ,, at bottom, read. ; •watershed. 

i> ft ^3t If from below, instead of passs, read : pass. 

ft It j> » 9 from below, insert a comma after Xdbul province. 

>» »• ^Sj II ^ from below, for Mari, read : Marine, 

ft ft ft it ^ from below, for Baluchistdn, read : Sind. 

j) ij 68, ,, 17 from above, for dislocation, read ; dislocations, 

a it 7 Sf j) 17 from above, for Tangi Ra3an, read : Tangi Rojan. 

it it ti a from above, leave out the comma after ; it may be. 

»» ft it it from below, for : K<5h-i-Sultdn Ahmdd Kabfr, read ; Kdh^i-Sal- 

tdn Ahmed Kabir. 

it ft 80, „ 12 from above, for page 78, read : page 6 g. 

it >» 83} J, 2 from below, for nummulites, read: nummuHiics. 

j» >1 84, „ 21 from above, for no,, read : not. 

if ti )i It 14 from above, insert a after them. 

it It }, )> 17 from below, for most, read ; both. 

It »* It )» *3 from below, for predominate, read : predominates. 

It ft I, J, 11 from below, for page 83, read : page 81. 

It It 86, ,, 21 from below, for hence, read : thence, 

it It It 31 8 from below, for Khank, read : Khanhi. 

i» >) 87, „ 24 from above, for sapposition, read ; supposition, 

ft ft 89, „ 7 from below, leave out : io'wer. 

it ft 92} 11 8 from above, for ; of the existence, read ; on the supposed etcisi 

ence. 

9t It ft »i 26 from above, for Kam Silmdn, read; ITam Shilmdn. 

II ft 9S> II 14 from below, omit the comma after road. 

}) »» 97> leave out the second foot-note at bottom of the page. 

II It II 12 from above, leave out ; of. 

11 11 I) )} 14 from above, from north-iwesi to south-east. 

II »i I05 j ft ^6 from above, for dislocation, read : dislocations. 

,, ,} I, ,, 18 from above, for palaeozoic, read palceosoic^ , 

it ti lof, „ 16 frem abo%e for certainly, road; 





SECTIOK iltruuph the TIRI CHUAKHEL 

on. the TxM%e jA “J? (see Plan,') 




FLAN' of the Tim CHUAKHEL mar MOGHAL KOT, SHIIUNI HILLS. Shjowing the position f (he OIL SHOWS. 
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Report on ihc Oil Springs at Moghal Kot in the Shirani Hills, by Tom 
D. LaTouche, 13 .A., Deputy Superintendent^ Geological Survey 
of India (With 2 plates.) 


The oil springs in the vicinity of Moghal Kot, a village in the Shirani Hills lying 

Introductory remarks. south-east of the Takht-i-Suleiman, 

appear to have first been brought to notice about the end of 
the year 1889, when samples of the oil, purporting to be from this locality, were 
sent down to Calcutta and examined both in the laboratory of the Geological Sur- 
vey and by Dr. Warden, Chemical Examiner to the Bengal Government The first 
sample examined by Dr. Warden was, according to his conclusions, ‘*not a crude, 
but a commercial kerosine oil of Russian origin.*’ Subsequently, Dr. Warden 
reported on a sample, procured by the Deputy Commissioner of Dera Ismail Khan 
from this locality, which he found to be of excellent quality. Another specimeen 
collected by Mr. Oldham in 1891 and examined in the laboratory of the Geological 
Suivcy by Mr. Holland, although inferior in quality to the sample examined by Dr, 
Warden, was found to contain large quantities of liquid hydrocarbons.^ The doubts 
attending the stated existence of the oil, if not of its quality, having been removed, 
it remained to discovei what the chances were of its being procurable in suflBicient 
quantites to render it commercially valuable, a question which Mr. Oldham was 
unable to decide, ovving to the hurried manner in which he was compelled by ill- 
health to carry out his obseivations. This, therefore, is the point 1 have mainly 
kept in view during my recent exploration of the country. 

About a mile above the village of Moghal Kot, the river Toi^ traverses a lofty 
„ . . , , . ridffe, running north and south, the greater portion of which 

IS composed of hard fine-grained quartzose sandstones, over- 
laid by a thick band of massive limestone. Through these rocks the river has cut a 
deep narrow gorge, about half a mile in length ; the oil springs are found in this 


^ Records, Ceol Surv, Vol , XXIV, pt. a, page 86. 

* This river is erroneously called the Cholkhel Dhana in the map of 1S84 ; Dhana is the 
name locally given to the gorges cut by the streams through the Takht->i-Suleiman range, and 
does not apply to the whole of the river valley. The minor gorges through the belts of hard 
rock beneath the main range are called Tiri, as Tin Chuakhd, Tiri Khidarzai, etc., while 
those through the outer belt of hard rocks at the edge of the hills are called Zam^ as Zaro 
Chandwan, Zam Draband, «tc. 
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gorge, and their position is indicated in the plan of it annexed to this report. The 
most copious discharge lakes place close to the base of the quartzose sandstone 
(at the points marked A and B on the plan), but oil also oozes from them at the 
points C and D, about midway between the base and summit. In all cases the 
discharge takes place close to the water's edge. At C the rocks are merely satura- 
ted with the oil, and at D it occurs in the foim of small globules, floating on the 
water collecting in shallow holes in the shingle on the river bank. The flow was 
so slight at these points that no good samples of the oil could be collected for 
examination. At A and B, however, the oil gathers in shallow holes dug in the sand 
at the level of the water in the river, and from these spots I obtained good samples 
which have been sent down to Calcutta to be examined in the laboratory of the 
Geological Survey. The actual points of outflow seem to have been determined by 
the existence of beds of shale intercalated with the sandstones ; the oil apparently 
creeping up along the bedding planes, beneath these shale bands until it reaches 
the surface. 

As it issues from the rock the oil is limpid, slightly yellow in colour and opa- 
lescent. It has an unmistakable odour of kerosine, which 
can be perceived at several paces from the spots where it 
escapes from the rock \ and without any refining whatever it gives a brilliant light 
when burnt in an ordinary lamp. The sample obtained from A seemed to me to 
be rather more oily in character than that from B, and I at fiist thought that the 
difference between the sample examined by Dr. Warden and that collected by 
Mr. Oldham might have been due to their having been collected from these differ- 
ent spots, but Mr. Holland has since informed me that the samples from A and B 
are essentially the same, the slight diffeience being accounted for by an exposure of 
the sample from A for a short while. 

No traces of gas were observed to accompany the dis- 
charge of oil at any of the spots where it issues from the 


Quality of the oil. 


No gas observed. 


ground. 

The rate of discharge of the oil is exceedingly slow. I had one of the shallow 
holes in the sand at each of the points A and B cleaned out, 
the oiU ^ ^ occupied in filling a quart bottle with the oil 

was observed. Making a rough calculation from this I find 
that one of the holes at A would yield a gallon of oil in 4^ hours, while it would 
take 14 hours to collect the same amount at B. The discharge might possibly be 
increased to a slight extent by clearing away the sand, but it was impracticable for 
me 10 test this, as it would have entailed the construction of a dam to keep out the 
river water. Under the most favourable circumstances I do not think that the 
flow would exceed lo gallons a day from both these places. 

The ridge of hard rocks in which the oil of Moghal Kot occurs extends for 

Occurrence of oil ex- about 30 miles to the north of the Toi river, and is traversed 
^ tTBces streams, the principal being the Shingao, which 

of the sandstone band breaks through it above the village of Karam ; the southern 
to the north, branch of the Lohara, or Drazund river, breaking through) 

the ridge immediately beneath the Takht-i-Suleiman itself at Raghasur; and tfie 
northern branch of the same river, which flows round the north end of the Takht, 
through the gorge called the “Gut,” and issues at Powa Sur, a small village above 
Murgu, In each of these cases the section exposed is identical with that in the 
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gorge of the Toi, yet in neither of them did I succeed in detecting the slightest trace 
of oil. Its occurrence therefore in appreciable quantity is extremely local, and the 
band of sandstone in which it occurs cannot be considered as in any sense a 
generally oil-bearing stntum, that is, a stratum in which we should be likely to 
find an accumulation of oil at any point, even though the conditions at that point 
were otherwise favourable. 

It is true that the escape of the oil in the gorge above Moghal Kot is facilitated 
Peculiar structure of peculiar Structure of the rocks in that locality. Along 

rocks in Tiri Chuakhel the line of ihe river-bed tliere is a decided twist in the strike 
facii.tating escape of oil. of rocks, the beds to the south of it dipping east or 
within a few degrees of east, while on the north bank the dip is steadily north-east. 
The effect of this twist, combined with the dip of the rocks, from 30 to 40 degrees 
has been to form a kind of inverted trough, rather steeply inclined to the east, along 
the axis of which the flow of oil has been concentrated. This structure, however 
although it would account for a larger outflow at this point than at any other if the 
sandstones were everywhere oil-bearmg, will not account for the entire absence of 
oil at the other points ’^here the ridge is cut through. The conclusion I have drawn 
is that there is no real connection between the peculiar structure of the rocks and the 
occurrence of the oil at this particular locality, that it is, in fact, a mere coincidence. 

Before discussing the question as to whether there are any places in the Shirani 
Hills wheie an accumulation of oil may have been formed sufficiently near the sur- 
face to be leached by borings of a reasonable depth it will be well to set forth brief- 
ly the general considerations, underlying the problem. 

Although the conditions under which petroleum is originally formed by natural 
General conditions P^^^^^sses in the bosom of the earth are not yet fully under- 
under which accumula- Stood none of the theories that have been from time to time 

tions ofoil m workable forward to account for its production, whether by dis- 

tillation from coal seams or other organic matter, or by 
chemical combination in one form or another, being entirely satisfactory, yet in 
determining the probability of its occurrence in large quantities in any locality where 
it is known to exist we are not concerned with any of these theories, for it is fairly 
certiin that the oil is seldom or never indigenous in the strata from which it is ob- 
tained by borings, but that it has been intioduced into them by percolation from 
regions far below, so deeply seated that they have never been, nor are likely to be, 
reached by borings from the surface. We have therefore only to deal with the con- 
ditions under which the oil may collect at various points in porous strata, in such a 
manner that it is stored as in a reservoir, until a way is opened for its escape to the 
surface by borings or otherwise. Such conditions, ^it seems to be now universally 
admitted, are most favourable where the strata are thrown into gentler undulations, 
anticlinals and synclinals, so disposed that the oil rising from below is held under 
the crowns of the anticlinals, presupposing that the porous strata which affoid storage 
for the oil are covered by impervious beds, which prevent its rising further towards 
the surface. Conditions so favourable as these are, however, realised in few cases, 
the oilfields of Pennsylvania, Baku, and Burma being the most notable instances ; 
at the same time accumulations of oil in workable quantities are not unknown in lo- 
calities where the strata are more highly disturbed, in Galicia ; but in such 
places the means of escape n Rurally afforded to the oil are easier than in the oilfields 
abovementionedi and therefoie, although the surface indications may be even moie 
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consp^cnous than they aie in those felds il e accumulations of oil are never so great, 
A full discussion of the conditions i nder which oil is woiked in such disturbed 
legjons, with special leference to those geneially obtaining in India, will he found 
in Mr. Medlicotds Note on the occurience of Petroleum in India,” ^ where sec- 
tions are given showing the disposition of the strata in the highly disturbed oil-bear- 
ing legions of Galicia.^ 

Such being the considerations to be kept in view when estimating the probabi- 

Conditions found to of Oil occurring in any district known to be oil-bear- 

exTst in the Shirani ing, in sutlicient quantities to be profitabl} worked, it 
lemained to be seen to what extent they would apply in the 
Shirani Hills. In determining this point w^e have only the outcrops of the rocks 
overl)ing the oil-bearing rocks to guide us, and the evidence afforded by these is, I 
1 egret to say, distinctly unfavourable. In passing down the Toi liver from the oil- 
springs we obtain a very clear section of these rocks. The group of hard quartzose 
sandstones, about i,ooo feet thick, in which the oil occurs, is overlaid by a band of 
hard massive limestone, about 300 feet thick, the whole dipping in an easterly 
direction at between 30 and 40 degrees. Following on the limestone, and dipping 
in the same direction, with some minor folds, a great series of shales with sand- 
stone bands of various thickness is found. The total thickness of this group is 
probably not less than 10,000 feet and the strata composing it are inclined to the 
horizon at about the same angle as the [limestone beneath. Above this group 
comes a series of beds containing gypsum bands|at the base, overlaid by bands of 
nummulitic limestone and fossiliferous shales. These also have an easterly dip 
though not so high as in the beds beneath, as far as Parwara village, below which 
theie is a well-marked synclinal. On the eastern side of this the beds arc repeated, 

* dipping weal, as tar as the horizon of the gypsum bandwS, which are exposed in the 
hill on which Domanda outpost stands. Here theie is a sharply compressed 
anticlinal fold, upon the denuded edges of which sandstones of Siw'alik age have 
been deposited. Ihis is the anticlinal noticed by Mr. Oldham in his “ Pi eh m inary 
report on the oil locality near Moghal Kot''® under which he suggests there is 
probably a considerable accumulation of oil.” The low^est beds exposed, however, 
on the crest of the anticlinal are the shales immediately underlying the gypsum 
bands, which, as we have seen, are the topmost members of a gioup of rocks 
10,000 feet thick. It would in all probability therefore be necessary to bore through 
the whole thickness of that group, and 300 feet or so of hard limestone beneath, 
before teaching the sandstones in which oil might possibly occur. It need hardly 
be said that such an undertaking w’ould be utterly absurd. Moreover this ajiticlindl 
is not an open undulation, like those beneath which the most productive oil-bearing 
stiata are found ; indeed, it bears evidence of so much crushing, that it would 
be difficult to account for the non-existence of any oil shows along its crest, 
supposing that the rocks beneath did contain oil. To the north of the Toi this 
anticlinal has been traced as far as the Lobara or Drazand river presenting every- 
where the same features. Thus, although it offers the nearest approach among these 
hills to the conditions found to be favourable in other oil-producing regions, yet 

(’) Geological Survey, Vol. XIX, pt. 4,p. 185. 

f?) See also a ^^aper by Mr. R. D. Oldham, ** Memorandum on the mode of occurrence of 
Petroleum,” published in 1891. 

® Records^ Gedogical Survey, Vol, XXIV, pt. 3, p. 84. 
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these conditions are so far different as to render it unprofitable to undertake opera- 
tions on so large a scale as would be necessary to determine the existence of od 
along that line. 

Such being the case it remains to be considered whether it would not be possi- 

„ M c • ft) increase the discharge of oil in the neighbour] lood 

Possibility of increns- ° ° 

ing the present outflow Of the present springs by means of wells or borings. A 

by means of wells or ^ell might be sunk at the point E on the plan, which ^ ould 

* ' meet the beds, from which ihe oil at A and B issues at a 

depth of about 130 feet. Short galleries, driven in either direction along the strike oT 
the beds from the bottom of this well, would afford a more ready means of escape 
for the oil than now exists, and such a plan would have the advantage of excluding 
the water from the river, which under present conditions filters in through the san 1 
covering the outcrop, and becomes mixed with the oil. But I doubt whether the 
outflow would be increased to any material extent by such means, for the oil at so 
slight a depth would not be under much greater pressure than at the surface. 

Another plan m'ght be tried, though it would doubtless be more expensive, an I 
that is to sink a deep boring through the whole of the strata known to be oil-bearing, 
that is from a point to the east of D on the plan, say at F.t Such a boring wouhl 
have to be at least 760 feet deep in order to reach the lowest oil beds, and should 
be of large diameter, say 6 inches. I do not anticipate much difficulty in boring 
such a hole through the sandstones, as in all probability they are much softer in th ) 
interior than at the surface. On reaching the lowest oil beds, unless the flow of oil 
under the increased pressure was found to be satisfactory, a powerful charge of 
dynamite, or ^‘torpedo,” should be exploded at the bottom of the hole, so as to 
shatter the rock in its vicinity. This might possibly largely increase the flow of oil 
and the experiment might be worth trying at least. The diffi ulty would be to get 
the machinery required for boring a h)lc of such a size to the spot. There is an 
unlimited supply of water power, which might be made use of instead of steam, as 
the river at this point has a considerable fall (ab)ul 50 feet measured from the head 
of the gorge), and even at the time of my visit, in March 1892, after twelve months 
of practically rainless weather, there was a sufficient volume of water in it for all 
purposes. Every part of the machinery would have to be brought on camels from 
the edge of the liills, a distance of about 25 miles, as the only way of reaching th i 
place is along the stony bed of the Toi river, where it would be impossible to use 
wheeled vehicles. 


Second Note on Mineral Oil from the Suleiman Hills, by Thdmas 
H. Holland, A.R.C.S., F.G.S., Geological Survey of India. 

Last year (1891) I published an account of a chemical examination of crude 
mineral oil collected by Mr. R. D. Oldham above Moghal Kot in the Suleiman 
Hills, Sherdni country.® From the comparatively high specific gravity and flashiiio 

^ The two points E and F were chosen so that they lie above flooddevel. They 
marked on the grotind by stone cairns, 

* On’ Mineral Oil from the Suleiman Hills.” Records^ Geological of Indict^ 

XXlV(iS9i),pp 84-97. 
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point, and from the results of fractional distillation, indicating a predominance of 
the heavier h}drocarbons, I concluded that, compared with other samples pre- 
viously obtained from the same district, the specimen sent by Mr. Oldham must be 
considered to be decidedly inferior in quality. Mr. T. H, D. LaTouche has re- 
cently sent two samples collected by himself at the same locality (one and a half 
miles above Moghal Kot, Sherdni countrv), and a chemical examination of these 
samples proves them to be extremely valuable for illuminating purposes, thus con- 
firming the result obtained by Dr. Warden in September 1890, and at the same 
time explaining, as will be pointed out below, the apparent inferiority of Mr. Old- 
ham’s specimen. 

The following is the result of an examination of the two samples collected near 
Moghal Kot by Mr, La Touche : — 

Specimen A. 

This sample was a deep yellow, mobile liquid, slightly turbid through the pre- 
sence of disseminated bituminous particles, and with a large quantity of water at 
the bottom of each bottle. Cleared of its dirt the oil showed a well-marked 
fluorescence and possessed a slightly aromatic odour. The specific gravity at 60® 
Fahr. was 0*819. 

The flashing point, determined by Sir Frederick Abel’s apparatus, was 75® Fahr. 

A measured quantity of the oil was subjected to fractional distillation with the 
following results: — 


Dibtillats, 



Tcmpciatare of Dtstillation. 


Sp. Gr. at 

F . 

Colour. 

Per cent, by 
volume. 

Per cent, by 
weight. 

1st fraction distilling between 140® 

and 340® 

F. 

0753 

Colourless 

10 

9*19 

and „ 


M 

340'’ 

„ 360" 


0 770 

ti 

10 

939 

3 rd „ 


» 

360® 

». 373® 

» 

0*781 

)» 


953 

4tb ,, 


tt 

373® 

,» 427® 

»« 

079s 

tt 

10 

970 

5tb ,, 

» 

ti 

427® 

„ 460" 

>» 

o' 8 i 2 

it 

10 

9*9* 

6th „ 


u 

460® 

482° 

#» 

0*833 

' it 

10 

10*05 

»> 


n 

482® 

». $ 21 ® 

it 

0*834 

Faint yel- 
low tinge. 

10 

xo*iS 

8th „ 

t* 

\t 


563° 

» 

0*849 

Pale yel- 
low. 

10 

10*36 

9th „ 

it 


563° 

1. 594° 

>» 

o*86j 

Rich 
straw-, 
yellow. 
Yellow . 

xo 

16*51 

10th „ 

»i 


594° 

and abo/e . 


- 

° 6*84 

Residue : 

parafiin 

scale” 

and “coke*' , 

• 

... 

— 

... 1 

3*94 

Loss % 


• * 

• 

• • 

Total 

* 

• 

... 



0*40 

100*00 
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The first three fractions flashed below 73° Fahr.; the remainder at higher 
temperatures. The ninth fraction, which was very mobile at the temperature of the 
laboratory (91° Fahr.), commenced to thicken appreciably on being cooled to 
38° Fahr. and solidified at 27® Fahr. It will be noticed that the first nine frac- 
tions distilled over below 594®, showing that the heavier solid hydrocarbons are not 
present in large proportions. Of the remaining tenth, a part (6'84 per cert, by 
weight of the original quantity) consisted of a yellow oily liquid, which became Of 
the consistence of ghee on cooling to 70° Fahr., on account of the solidification of 
the heavier paraffins. The remainder partially solidified in the condenser and par. 
tially remained in the retort. I did not consider it necessary to coke the portion 
left in the retort, as an estimation of the carbonaceous residue apart from the 
paraffin ‘ scale ^ would, in the present instance, offer very little information of use in 
forming an estimate of the economic value of the oil. The same remark applies 
also to the sample B., whose characters are described below, and in which also 
the solid hydrocarbons exist in very small quantities. 

In estimating the proportion of illuminating oil I mixed 10 cubic centimetres of 
each of the first nine fractions, the mixture possessing a specific gravity of 0'8o8 
at 60° Fahr. and flashing at 72® Fahr. After treatment with sulphuric acid, and 
subsequently with caustic soda to remove the impurities, a current of air was passed 
through tbp oil, whilst the flask was immersed in a warm water bath, to remove the 
very volatile naphthas introduced with the first fraction. The residue, which was 
almost water white ” and possessed a slight fluorescence, gave a flashing point of 
76® Fahr. and a specific gravity of o'8io at 60°. The removal of the naphthas, to 
raise the mixture to the legal limit of safety, was attended with a loss of 2*5 cubic 
centimetres. The burning oil of good quality may thus be set down at 87*5 per cent 
by volume (86*5 per cent, by weight) of the crude material. 

The water accompanying this sample contained lime in solution with traces of 
iron and magnesia, and in combination with sulphuric, carbonic, and hydrochloric 
acids. It was neutral to litmus test, 

Specimen B. 

A clear, rich, straw-coloured liquid with a strongly marked fluorescence and 
slightly aromatic smell. Specific gravity at 60° Fahr.: 0*8 11. Flashing point 
(AbePs test): 64® Fahr. 

Fractional distillation of 300 cubic centimetres gave the following results : — 


Temperature of DistUlSitioti, 

Distillate. 

Sp, Gr at 
(50 F. 

Colour. 

! Per cent by 
j volume. 

Per cent by 
weight. 

1st fraction distilling between 145® and 317® F. 

0741 ; 

... 

10 

9‘*3 

and 1 , ,f 

n 3 * 7 ** »» 33 '^ »i 

07 S 7 

... 

to 

9*33 

StA „ „ 

II 330° 11 382° II 

0777 

... 

10 

9-38 

4 th „ „ 

„ 382° „ 424“. I 

0793 

... 

lO 

977 


Carried over 
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Temperature of Distillation. 


Distillate, 


Sp, Gr at 
60 F, 


Brought forward 

5th fraction distilling between 424® and 448P F. 


6th „ 

» 

.1 448° „ 488° „ 

7 th „ 

»» 

» 488’’ „ 507° „ 

8th „ 

>$ 

.. 507“ 567° „ 

9 th „ 

» 

»» 587* 8 nd above 


loth Above 567® F. • , , 

Residue : paraffin ‘*scale^’ and coke ” 
Loss .... 


Total 


o*8o6 

0*822 

0*836 

0*851 

0*864 


Colour, 


Per cent by 1 
volume, I 


10 

10 

10 

10 

10 


Per cent by 
weight. 


9 95 

ic*i4 

10*32 

10*49 

10*65 

^75 
6 14 

^75 


100*00 


In this specimen the temperature reached 600° Fahr. before th^ ofh r .• 
had completely distilled, and of the remainder s-yc ner cpS “ 

quantity) distilled over as a yellow, oily liquid which i ’ ^ 

Fah. The remainder solidi/ed at ;h::^rtu;^:^“ ,^'7) " 

mmner, Md th» reSdne puriW ilth st.ong Jbhun^K?," ““>1 

84 cubic ccatimc.,., T' 

0-810, flashing at 85° Fahr. The proportion of illumnatinl l-f*"- 
per ceDt, by volume (83*0 per cent bv tv.* 

within the limit of production, as the 'removal Sthe nanhthr”^ '' 
manipulation of the miicture at the higMemtmtoe o^Jfe LT ^7”! 
flashmgpomt is thus raised well above the^legal minimum and^f’^ 
slightly above aver^ American, but below soL Russian kerosenes 
In companng these two specimens it will be seen thaf 4?? + • ' 

propoitions of the very volatile hydrocarbons as well a^JL'^h ■ 

fins, whilst in ^ there is a greateJ predoSLrof ^e 
mediate density, which are of value for illuminating puiposes rhere”^’® ? 
a Slightly greater waste in preparing £ for the marked 

compounds must be removed to bring the flashing L?!* t ''“'atile 

(73° F.) and the solid compounds must be eliSSd tTchtr- " 7 

Both samples are, however, of very high value an/i tK ^ ^ burning oil. 

Tkece .die .g, L. rT. .“*”r 

as tte sample examined by 
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Dr. C. J. H. Warden in September 1890, and in which he estimated a yield ot at 
least 90 per cent, of very superior, nearly “water white/' illuminating oil. 

In the following table the results obtained by Dr. Warden are compared with 
these which I have now obtained fiom Mr. LaTouche's specimens : — 

Fractional distillation of Mughal Kot petroleums. 



I 

II 


A 

B 

ist fraction, 10 per cent. • • • • 

*7557 

*753 

•741 

55 nd }, ,1 .... 

•'/ 68 s 

*770 

7 S 7 

3rd „ „ .... 

•7802 

•781 

*777 

4th „ „ .... 

•7948 

•795 

‘793 

5th „ „ .... 

•8077 

*812 

•806 

6th „ ,, • • • . 

*8204 

*823 

*822 

7th „ „ . • . . 

•8367 

*834 

*836 

8th 1, ,, . * • • 

•8487 

•849 

•8st 

9th ,, „ . » , • 

•8596 

•861 

•864 


L — Procured by the Deputy Commissioner, Dera Ismail Khan, and examined 
by Dr. C. J. H. Warden (1890). 

II. — Collected by Mr, T* H. D. LaTouche and examined by T. H. Holland 
(1892). 

Referring now to the results of my examination of the Moghal Kot petioleum 
collected by Mr. Oldham,^ it will be seen that in that specimen, whilst the liquid 
hydiocarbons predominate the very volatile constituents are absent. The first 
tenth obtained in the fractional distillation is seen to have a specific gravity of *0782 
whilst of the original crude material the flashing point was 128° Fahr, and specific 
gravity (at 60® F ) o 831 — all of which results are much higher than those obtained 
from the two specimens whose analyses I now report, and also of the specimen 
examined by Dr, Warden. 

I find also that the remainder of Mr. Oldham's sample, which I have kept in 
the laboratory, is deeper in colour than either of those sent by Mr. LaTouche. 
From a comparison of the figures I should say that an oil like the former might 
easily be obtained from specimen A. (of LaTouche) by simple exposure to the open 
air in a warm climate, and this conclusion I find to be confirmed by artificially imi- 
tating the necessary conditions. I passed a current of air through 500 cubic cent- 
imetres of specimen A for twenty-four hours at a temperature varying within a few 
degrees of 90® F., and on examining the residue I found the flashing point had 
risen from 75® to 132® Fahr., and the density had increased from 0’8i9 to 0’835. 
whilst it had lost 14 per cent, of its original volume. On subjecting this residue 

* Records^ Geological Sut<eey of India^ Vol. XXIV (1891), p* 84. 
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fluorescence. If light be sent into the interior with a convex glass lens, the cone of 
light appears of a golden yellow colour. In polarised light the same colour is ex- 
hibited, changing however, by levolution of the Nicols through 90’, to blue and 
orange. 

The resin is as easy to cut, saw, and polish as the Baltic amber (Succinite) ; it is a 
little harder, however, than the latter, its hardness \arying between 2-5 and 3. 

Its specific gravity is 1.034, 

As to the chemical constituents of this fossil resin I am not yet able to give 
an ultimate analysis, as the piece in my possession exhibits no portion of perfectly 
clear colour, but is clouded throughout by finely disseminated particles. I have, 
nevertheless, made a dry distillation of the resin, and the results are extraordinarily 
interesting and different from those which other fossil resins give under like con- 
ditions. During the distillation, for which I used a glass retort, there first appeared 
a white vapour-cloud, which, on cooling, condensed to water- white drops ; subse- 
quently the vapour became tinged with yellow and condensed in thin oily streaks ; 
ultimately the cloud was dissipated and thick oily drops flowed into the receiver. 
The distillate is a brownish yellow oil, with tarry consistency, of a peculiar burnt 
smell and an extremely small quantity of a watery liquid. I treated this liquid 
with hot water and filtered : it was water-white and gave an acid reaction with lit- 
mus-paper. On repeated distillation over a steam-bath a liquid distilled over and 
a yellowish residue remained behind, which I cleaned by solution in water with sub- 
sequent filtration and evaporation. The small quantity of crystals thus obtained I 
recognised, by well-known chemical reactions, to be pyrogallic acid, whilst the 
aqueous distillate contained formic acid. Succinic acid was not found in the pro- 
ducts of distillation. 

The resin contained 0‘6 per cent, of ash, which was composed of iron-oxide, 
sulphuric acid, carbonic acid, and lime, I found a very small quantity (0*013 P^r 
cent,) of sulphur in combination with organic substances. 

The fusion point of the resin cannot be determined, as before that point 
reached it decomposes with evolution of a white aromatic vapour. 

The resin proved to be very resistent against solvents : — Chloroform dissolves 
only 2*2 per cent, of it. Alcohol dissolves 0.8 per cent., the solution leaving be- 
hind, on drying, a black-brown resin. Ether dissolves 2.4 per cent. , the soluiion 
leaving, on evaporation, a clear yellow resin. By oil of turpentine 48,5 per cent, 
was dissolved, whilst carbon bisulphide dissolved 4-6 per cent 

If the pulverised material is treated with concentrated sulphuric acid, the resin 
gradually dissolves, forming a solution of a red-brown colour, which blackens on 
heating. When the red-brown solution is treated with water a dirty white deposit 
separates out. Concentrated nitric acid at the ordinary temperature has little effect 
on the resin, but on heating the latter is changed into a yellow friable substance. 

By friction the resin becomes electric and retains its electricity for some time. 

From the foregoing investigation it seems that the Burmese resin differs from all 
the fossil resins with which I am up to the present acquainted ; and I shall continue 
this research as soon as farther specimens of clear colour are available. 
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Preliminary notice on the Trlassic Deposits of the Salt Range.— By W. 

Waagen, Ph.D., F.G.S. 

For some years now I have been occupied with the study of the fossils thatha\e 
been collected in the Salt-Range by different members of the Geological Survey 
staff, amongst them myself, as having found the greater part of those specimens 
that are characteristic of the higher divisions of the triassic strata of that country. 

Though it is against my general custom to give a preliminary notice of the le* 
suits of my investigations before the larger publication in the Palseontologia Indica 
can be ready for printing, in this case I feel obliged to do so on account of further 
explorations on a great scale which are now going on in the Himalaya, and which 
have for their object strata about equivalent to those that I have had the good 
luck to explore in the Salt-Range. It seems to me to be directly my duty to gi^e 
to those indefatigable explorers in the Himalayas the benefit of my experiences in the 
Salt-Range, in order that they may be able to compare the Himalayan development 
of the Trias with that exposed in the Salt-Range. 

The triassic strata of the Salt-Range were distinguished by Mr. Wynne under 
the general name of the Ceratite Beds — a name extremely appropriate for them — as 
nearly all the fossils contained in these strata consist of the remains of ammonoid 
shells all showing a ‘‘Ceratitic development of their sutural lines. As regards 
the fossil forms that have been collected up to the present from these strata I must 
state that my studies have as yet been restricted chiefly to the Cephalopoda ; and 
that amongst these only the ** Irachyoslraca'' have been examined in detail. Thus 
I am only able to give their exact indications. 

The Ceratite beds, as is shown in the first volume of my “ Salt* Range Fossils,*' 
rest directly and without distinct unconfoimity on the topmost beds of the Pro- 
ductus Limestone, and are covered at their upper limit by the “ Variegated Series" 
of Wynne, It must be remarked that the Ceratite beds do not comprehend all the 
strata that we in Europe generally comprise under the name of ‘‘ Triassic Form- 
ation"; but that the Rhaetics are yet included in the Variegated Series, as they 
cannot be distinguished there from the Liassic Series, so that the top beds of the 
Ceratite strata cannot be more recent 'than “ Carnic " at the utmost. 

The lowest division of the Ceratite beds is formed by the “ lower Ceratite Lime- 
stones : thinly bedded, light grey limestones, very hard, that loudly ring under the 
hammer. The fossils are mostly exposed on the bedding pLines, and can be de- 
tached only with difficulty. Nearly all the Cephalopoda that occur in these strata 
belong to the genus Gyronites n. gen. W„ a genus that has formerly been united by 
me wrongly with Xmodiscus.hMl which is distinct from that genus by a short body 
chamber, whilst Xmodiscus possesses a long one. Gyronitis is most nearly related 
to Meekoceras, Besides Gyronites there are but very few other genera, and these 
represented only by single specie*s. Of the Trachyostraca there is a single species 
of Dinarit^s present* 

The next higher division is composed of the Ceratite Marls." These are 
greenish-grey crumbling marls, with limestone concretions in which the fossils are 
contained. Small beds of limestone show a cone-in-cone structure. The Ce- 
phalopod fauna is perfectly different from that of the next lower division. The 
genus Ptopiychifes n. g. {Prop, laurtncianns, Kon. sp.) predominates, G) ronifes has 
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become much rarer, whilst Meekoceras increases enormously in numbers. Also 
here the Trachyo^iraca are represented by a single species of Dinari'es. 

Above the marls follows a thick series of yellow sandstones. These sandstones 
contain to all appeaiances three different faunas of Cephalopoda. 

In the lower division of these sandstones there occur besides many species of 
3 Ieeko€eras and other allied genera of the Lewiraca, a nuirber of t\ pical forms of 
the Trachyodraca, Dinariies 2 sp., Ceratites i typical Piionites n. gen. 

(neaily allied to Ctratite^, but the auxiliary lobes dissolved in very numerous small 
denticulations) i sp., Celiiie i sp. 

In the middle division a small gasteropod of the genus Stachella is very nu- 
merous, and therefore 1 have called these beds ** Stachella beds.*' Here also many 
peculiar species of Cephalopoda occur, chiefly Meekoceras and allied genera. The 
genus Flemingifes n gen. makes here its first appearance, whilst the Truchyostraca 
are only repiesented by the genera Dinar ites and Celtites, 

In the upper division the fauna is not very rich but very characteristic. The 
genus Fltmingifes [Flem, fiemingianus Kon. sp.) furnishes the most predominant 
forms. For this reason I have called these beds “ Flemingites beds.’" Meekoceras 
and Gy} oniUs are yet numerously represented ; the genus Propiychiies his got here 
its last representant 

Of the Trachyosiraca the genera Dinariies, Ceratiies^ PrioniteSy and CelUtes have 
been found, each of them, however, only represented by a single species. Besides 
these the first representant of the genus Acrochordiceras has been detected in these 
beds. The development of this form is, however, a very strange one, as the second 
lateral lobe is quite imperfect, and not distinctly developed. According to its 
sculpture this shell can, however, not be determined otherwise than as Acrochor- 
diet r as ^ 

Above the Ceratite Sandstones a quite new fauna commences, and it can there, 
fore, 1 think, not bo much doubtCvl that with these sandstones a greater period in 
the earth's history comes to a close. Thus probably the lower Trias must be termi- 
nated here, and all the beds that have been mentioned by me up to this horizon 
must be considcied as the equivalents of the “ Bunter Sandstone of Europe, In 
Europe Cephalopoda are very rare in the Bunter, and only in the Alps there exists 
a bed in which the remains of Cephalopoda have more numerously been found* 
1 his represents probably the topmost division of the Bunter Sandstone only, whilst 
the lower divisions are all devoid of Cephalopoda shells. In India now there are 
not less less than five different faunas of Cephalopoda in the Bunter, and these 
commence already in the very lowest divisions of that formation so that apparently 
Dy the desciiption of the Salt-Range faunas of the Bunt Sandstone a great gap in 
our knowletige of the triassic faunas will be filled up. 

The division that follows next above the sandstones is composed again of lime- 
stones, and lius leceivcd by me the name of ypper Ceratite limestones.'" This 
division had been included by me in 1889 in the **Grey Bivalve limestones.’" The 
Cephalopod fauna contained in these Ceratite limestones is the richest one of all the 
triassic beds of the Salt- Range. Besides many species of Liiosiraco^y which have 
not yet been studied in detail, but which all appear to be mote or less nearly related 
to Meekoceras y theie are numerous forms of Trachyosiraccy which are of the utmost 
interest, but of which no species is identical with a European one. Of the genus 
Dinarites iheie is only a single species, which has received by me the name of 
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dmorphus W., and which exhibits so many points of affinity to Z?/«. 
glactalh Mojs. from Siberia, that I cannot but consider the two as belonging to 
one and the same group of forms. Of the genus Cerahies there are not less than 
seven species, three of which belong to the “ Cti cumphcanf two to the IS odosif 
one to the ** Subrobusitf and one to the Nudtl’ The new genus Puonites W. is 
represented by three species, and the genus Balaton ties by one, somew^bat doubtful 
form. 

Of the family Tropiiidce the genus Celitta has furnished not less than eight 
species, which can be divided in two gioups. One of them has got more squarish 
whorls, and resembles in this respect somewhat the group oi Celittes flofiant, 
Mojs.; the other has got more oval or roundish whorls, and thus resembles some- 
what the group of Celtites epolenstsy Mojs. The genus Acrochordtceras occurs 
in these limestones in typical foi ms and has furnished four species. Very nearly 
related to Aaockordiuras, but yet sufficiently distinct by the existence of enormous 
lateial thorns and a smooth external side, is a new genus, for which I intend to 
introduce the name of Siephaniies W*, and of which two species have been 
found. 

A very remarkable fact relating to this fauna is also the frequent occuirence of 
the genus Sihirites^ of which there are at least ten species. They are typically 
more or less nearly related to the forms described by Mojsisovics from Siberia. 

This Cephalopod fauna, fust described, is the last one that occurs in the tiiassic 
beds of the Salt-Range. Higher up only single stray specimens of Cephalopoda 
shells have been found. 

The division that follows next higher in the sequence of strata is a series of 
hard grey limestones crowded with the remains of bivalve shells. I have therefore 
called these beds Bivalve limestones ” Of Cephalopoda theie have been found 
in these beds some species of Gyromtes, of Metkoeeras, and a single form of 
DinariUSy besides some very characteristic species of Nautilucy which veiy much 
lesemble European triassic shells. The same is the case with many of the bivalves, 
of which some Myophonm and Gervilhce look as if collected in the German 
Muschelkalk. 

I am inclined to consider the Upper Ceratite limestones as well as the Bivalve 
limestones as the equivalents of the Muschelkalk of Euiope. So much is certain 
that with the latter again a great division comes to a close, and that the beds which 
follow yet higher in the series belong to another system of rocks. 

The next higher division is composed of dolomitic strata which often show a 
rather indistinct bedding and attain a very considerable thickness. I have called 
these beds the “ Dolomitic Group.*' This group of rocks is nearly devoid of 
organic remains. Some small internal casts of barely determinable bivalves and 
gasteropoda were the only fossils that I was able to detect. They are hardly 
sufficient to determine independently the age of these strata. 

At last there Mows above the Dolomitic group a small set of thinly bedded yel- 
lowish limestones, exposed in the west mostly, just at the base of the ‘‘ Variegated 
Group.** 1 shall introduce for them the designation of Topmost limestones.” 
They are crowded with fossils, chiefly bivalve shells, but also some Cephalopoda 
among them. The fossils can, however, only with the utmost difficulty be 
detached from the rock ; and only a single species is in a fit condition to be deter- 
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mined exactly, but this is of very great interest. It is an ammonoid Cephalopoda 
shell, which on a first glance might be determined b) everybody as a species of 
Tropttes^ but on a closer examination one finds that the sutural lines, as far as they 
can be observed, are much simpler than in the mentioned genus. There is only a 
single lateial lobe present, and this is only with very small denticulations : no 
ramifications whatevei as in Tropiies proper. Therefore, I must consider this form 
as belonging to a new genus, for which I shall introduce the name of Pseudhar- 
poceras. Nevertheless it is of great interest to find here a form so neaily related 
to the genus 2'fopttes, a genus which is so very characteristic of the Upper Trias of 
Europe, 

I thus am led to parallelise the Dolomitic gioup as well as the topmost lime- 
stones with the Upper Tiias (Reaper) of Europe That in this Upper Trias the 
Rhaetic beds are not included has been remarked already above. 1 hey seem to 
be represented by a part of the Variegated series, as in some beds of this division 
Species of plants, which occur also in the Rajmahal-beds, have been found. 

It has been shown in former publications, [hat an overlap takes place at the 
base of the Vai legated series, and thus the upper limit of the Ceratite formation is very 
distinctly marked. The formation must be terminated by the topmost limestones 
as distinguished by me. Whether then by the beds exposed in the Salt-Range the 
entire series of the upper triassic strata up to the Carnic group is represented, or 
whether there exists a greater gap, correspondig in time to the overlap, cannot 
be stated now. 

The most peculiar feature then that results from all that has been stated up to 
the present consists in the circumstance that all the ammonoid Cephalopoda shells 
that have been found in the triassic beds of the Salt-Range show ceratitic, very rarely 
goniatiiic, sutural lines, whilst the ammonitic development is completely absent. 
This constitutes a fundamental difference from nearly all the other triassic countries 
I had to describe already from the Permian of the Salt-Range a number of per- 
fectly ammonitic forms, and in the next succeeding strata all such have absolutely 
disappeaied. 

In the Himalayas we ha\e numbers of ammonitic forms in triassic beds, such as 
Piyckiies and the like geneia, but these are out of strata, which in their age most 
piobably correspond to the Muschelkalk of Europe. In lower positions the Ce- 
phalopod fauna seems, according to Mr. Griesbach's indications, to be rather similar 
to that of the Salt-Range. It will now be one of the most important questions 
that will have to be solved* by the exploration of the Himalaya, to state how 
far up in the series of strata the similarity to the Salt- Range extends, and in what 
relation the P/yr>4z'/^i-bearing rocks are to those containing part of the Salt-Range 
Ceratite fauna. Then also the question as to the definitive parallelisation of the 
Salt-Range strata with those of Europe can be borne out, and it will be possible to 
demonstrate whether my view, that the Upper Ceratite limestone must be considered 
as equivalent to part of the Muschelkalk of Europe, be correct or not. 

If this view should prove to be correct this would go far to show conclusively 
that the Salt-Range triassic deposits belong to a triassic zoological province, which 
bears a certain similarity to the one that has been described in its contents from 
Siberia, but which would be absolutely different from that as developed in the 
Himalaya and the Alps. 
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ADDENDUM. 

In connection with the preceding paper by Dr. W. Waagen I have thought it 
advisable to add the following translation of a paper read by Dr, Mojsisovics at the 
Academy of Sciences, Vienna, in May last, in which also the learned author gives 
a clear account of the origin and aim of the recent joint expendition which was 
sent to the Central Himalaya for the further collection of fossils from the Triassics 
between Milam and Niti. This Mission has now returned wtih a splendid and 
fully representative series of fossils, which are being dispatched to Vienna for 
study and description by our very highly esteemed and most specially versed 
Austrian confreres in Alpine Triassic geology, for whose engagement too on this 
work we have to thank a very constant and warm friend of the Survey, Professor 
Ed. Suess. Half of the collection will ultimately be returned to the Survey 
Museum. EL 

Preliminary Remarks on the Cephalopoda of the Himalayan Trias. — By 
Dr. Eom von. Mojsisovics.^ 

At the suggestion of C. L. Griesbach, who for some years past worked as Geolo- 
gist on the Geological Survey of India, and who as such has earned much distinc" 
tion by his travels and studies in the Himalaya and in Afghdnistdn, the Geological 
Survey of India consented to send the entire palaeontological collections of the 
various Himdlaya expeditions to Professor Ed. Suess in Vienna, with the request 
that this material might be described and worked out by Austrian specialists. 

Invited by Professor Suess, I agreed to undertake the description of the Cepha- 
lopoda of the Trias, whilst Dr. Alex. Bittner will look after the description of the 
remaining fossils of this formation. 

By far the larger pottion of the Cephalopods of this collection belongs to the 
lower beds of the Trias (concerning which we possess papers by Salter, Blanford, 
Stoliezka, Oppel, and Griesbach), and these demonstrate that in the Himdlaya the 
Muschelkalk is represented by a fauna analagous to that of the Alpine Mus- 
chelkalk, whilst the Buntsandstein has yielded a peculiar fauna of its own. 

However, almost completely unknown up to now were Cephalopods fiom the 
upper division of the Trias; they are represented in this collection by a few small 
suites of specimens found by Griesbach, which specimens are, however, of the 
greatest interest. It is unfortunate that the material is, quantitatively speaking, 
quite insufficient, if one is not contented with merely establishing the fact of the 
existence of a few species, but wishes to obtain a deeper insight into the composi- 
tion of the different faunas and of the zoo-geographical relations of the latter to the 
arctic-pacific Trias province on the one hand, and to the European faunas of the 
triassic period on the other. For these reasons 1 declared, immediately after the 
receipt of the collections, that the material is insufficient for a monographic de- 
scription of the Trias Cephalopods of the Himdlaya, and I expressed at the same 
time the wish that, considering the great scientific interest which a more detailed 
knowledge of Flimdlayan Trias would possess, a special expedition might be or-» 
ganized and despatched for the purpose of making extensive collections at the 
more imporlan and promising localities. 

* Sitzungsbericht d, Rais. Akaderaie d, Wissenschaften, Vienna. Math. Nat.Clasje; Vol. 
Cl, Abth. ly May x$9a. 
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Thanks to the liberal response of the Director of the Geological Survey, who 
obtained for the purp'ose the necessary funds from the Indian Government, and 
owing to the liberality of our Academy, which voted a considerable sum of money 
out of the Boud fund ; this expedition has now been made possible, and to Dr. C. 
Diener, who is in every respect fit to solve the task, has been entrusted the 
mission. Before this expedition leaves, it seems to me useful to set down our 
present knowledge of the subject, by giving a short sketch of the triassic cephalo- 
pods of the Himalayas as far as the available material permits, and by the aid of 
the stratigraphic data furnished by Griesbach. 

L— The alleged youngest cephalopod horizon represents approximately the zone 

Tropitcs suhhuVatm (A Hal Istatt limestones. The fiuna consists chiefly of 
Tropiies species, and shows quite a wonderful analogy with the forms of the 
Salzkammergut, The ammonites are unfoitunately not very well preserved in the 
marly grey limestones, which impedes somewhat the determination and comparison 
of the same. The locality is situated close to the frontier of Tibet, seemingly in a 
stratigraphically very disturbed region. 

Griesbach looked upon this horizon as lower lias according to the labels 
attached to his specimens, without, however, mentioning this fact in his fine volume 
on the ^‘Geology of the Central Himdlayas.^*’ I presume that the seeming simi- 
larity of the keeled Tropiies species with ArieiiUs has caused this mistake.® 

Lower Lias is mentioned as occurring in normal position over rhaetic strata at 
other localities, the latter beds certainly agieeing in development With the Koessen 
beds of the Alps. It would be of the greatest importance to ascertain whethef the 
Tropties limestone of Kalapani corresponds stratigiaphically really with this Lower 
Lias, or, as may be more probable, it belongs to a lower horizon. In the first case, 
we would not be entitled to identify in futuie the complex of beds which lies below 
the Tropifes beds with the rhaetic foiraation of Europe. 

II. — A second Upper Trias Cephalopod horizon is found, according to Gries* 
bach’s repoit, below the Lower Rhaetic, which is correlated with our Dachsteinkalk 
and Hauptdolomite. At Rimkin Paiar were found a few small ammonites of the 
genera Stiiinies, Heraclihs and Halorites, which are related to forms in the Juva- 
vian Hallstatt limestones; for which reason this fauna is of specially great interest, 
and it is most desiiable to obtain further collections from this locality. 

III. — A third cephalopod horizon of Upper triassic type is found at the base of 
Griesbach^s Upper T lias, and is connected with dark Daonella limestone also of 
Upper Triassic type. The few specimens which we have out of this horizon belong 
to the genera Arcestes, Eniomoceras, ArpadiUs and (?) Trachyceras^ Several of 
them remind me of species which occur in our Alps in the zone of IWopiits sub* 
bulatus. 

IV. — "Whilst the Upper Triassic cephalopods here mentioned are known at pro* 
sent only from the regions of the Central Himalayas near the Tibetan frontier, it 
appears that the next horizon possesses a much wider horizontal distribution, for it 
is found not only in Kumaun, Niti, and the adjoining regions of Tibet, but occurs also 

» Mem. Geol Surv. Ind., Vol. XXIIL 

» The label was writren in the field, when the specimen was mistaken for Arietites, but 
the locality was later on recognized as Trias, and so recorded on the map. hd, 

* From this horiaon seem to be derived a small portion of the fossils from the Niti Pass 
described by Salter in the Palaeontology of Niti*’* 
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in the second Triassic province of the Central Himalayas, that of Spiti, which is 
already known for some considerable time. 

From this horizon, which may be looked upon as a homotaxial equivalent of the 
European Muschelkalk, are derived the fine series of fossils, collected by the Bro- 
thers Von Schlagintweit and described by Oppel, which are preserved in the 
Palaeontological Museum at Munich ; also the fossil remains from Spiti described by 
Stoliczka, and part of the forms figured by Salter and Blanford in the Palaeon- 
tology of Niti ’'which are now in the British Museum in London, 

The collection entrusted to me for description comprises the entire material from 
this horizon, which was contained in the Calcutta Museum, including all the figured 
types of Stoliczka, This suite of fossils is far inferior to the Schlagintweit collection 
in the Munich Museum, but contains a few very valuable and interesting specimens, 

Palaeontologically considered, the Muschelkalk of the Himalaya forms a connect- 
ing link between the “ Arctic " and the“ Mediterranean" Muschelkalk development, 
and I have already proposed for it the term “ Indian Trias-Province." ^ 

It should be prominently noted that a few genera occur in the Indian Mus- 
chelkalk which are only known in Upper Triassic strata in Europe. 

Amongst them are— 

SageniieSi with the species S. medley anus (Sto!.) 

hcuUteSf „ „ /. kauerinus (Stol.) 

LohiteSf „ „ L,oldhamianus {Sto\.) 

Cladiseifes, „ „ Cl. indicus {Amm. gayiani^ Stol,) 

V.— As the merit of the discovery of these three Upper Triassic Cephalopod horizons 
belongs to the indefatigable Griesbach, so also do we entirely owe our knowledge of the 
following cephalopod fauna, which underlie the Muschelkalk, to his investigations. 

Within the upper division of a great thickness of beds immediately underlying 
the Muschelkalk, south-east of Muth in Spiti, a series of grey ** Wellcnkalk " like 
beds occur which contain a great number of casts of large ammonites, which re- 
mind one strongly of the great cephalopod fauna of the ceratite beds of the Salt 
Range, which W. Waagen is now describing. 

Only, however, when further additions to this collection have been made, and 
WaJ»gen's material has been worked out, will it be possible to decide whether this 
correlation is correct. Dr. Waagen looks upon the fauna of the ceratite beds of the 
Salt-Range as proving the latter to be homotaxially equivalent to the European 
Buntsandsiein.s 

VI.— At the base of the same series of beds are the Qtoceras beds, discovered 
and exploited by Griesbach, with a cephalopod fauna of few genera, but great abund- 
ance of individuals. It is a true shell-limestone, chiefly formed of Xemdiscus 
specimens* Much rarer are Meekoceras, Otoceras and Prospkingiks.^ 

In a somewhat lighter-coloured, less argillaceous rock, both in Spiti and in 

* Arktische Trias faunen, M^m.de l»Acad 4 mie imp. des sciences de St. Petersbourg. VII. 
Serie, T. XXXin, No* 6, p. 153. 

» I have before me a lower triassic fauna from the Bay of Ussuri near Vladivostock in 
Eastern Siberia, whicb has been absolutely unknown till now. I believe it to be homotaxially 
of Buntsandstein age. Muschelkalk also occurs there (Russkj Island) developed similarly to 
the Spitzbergen Trias, characterized by specimens of PiychUes and Monophyllites^ 

^ Several species derived from this horizon, amongst them Otoceras mod^stardl, have 
been described and figured by Griesbach in Rec. Geol. Surv. ind , Vol, XlII, pp, 94 to 113, 
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Kumaun, occur forms which differ slightly from the species which are found in the 
typical Otoceras beds, and these possibly belong to a horizon which may be distin- 
guishable from the lowest beds. Amongst the fossils of this upper horizon very 
evolute ceratites are conspicuous, which probably belong to the genus Dinarites 
although they remind one strongly of Tirohtes, It appears that these beds are of 
great horizontal distribution, since several specimens of Dinarites in the collection 
have been brought from Banda in Kashmir. 

As regards the probable age of these beds, which are immediately underlaid by 
Permian strata with Product!, it may be remarked here that the fossil contents bear 
the zoological character of a low Buntsandstein fauna. Goniatites are completely 
absent, and the ceratitic development of lobes prevails entirely. For this reason, 
the fauna appears still younger than the Permian species described by Abich from 
the Araxes defile near Julfa in Armenia, which contains besides Gomatites, also 
some species of Otoceras, although the latter are not so highly developed as the 
forms in the Indian Otoceras beds. It is therefore most probable that the Indian 
Otoceras beds form the base of the Buntsandstein, and are closest to the boundary 
of the Permian. 

Since we also relegate the cephalopod fauna, mentioned in paragraph V, to the 
Buntsandstein ; it appears that the richest series of the Buntsandstein hitherto known 
is found within the Himalayan area : and that whilst in Europe and in Siberia the 
cephalopod*beaung beds begin far higher up, namely, immediately below the Mus- 
chelkalk^), in the Himalayas the entire series of strata of limestones and shales of 
homotaxially Buntsandstein age, shows a genuine pelagic character, and sediments, 
rich in cephalopoda are found already at the base of the same. 


GEOLOGICAL SURVEY OF INDIA DEPARTMENT. 


TRI-MONTHLY NOTES. 

No. X3.—ENDING 31ST October 1892. 


DirecioPs OJice, Calcutta, jxst October 

The Director returned from privilege leave on the 24th of September. During 
his absence, Mr. Hughes, who ojfficiated for him, spent most of the time on duty at 
Simla in immediate conference with the Revenue and Agricultural Department 

* This is proved in the case of the Siberian Olenek beds by the high state of development 
of the principal cephalopod species. 

C 2 
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The Diener Expedition, instituted by the Academy of Sciences of Vienna in 
communication with the Government of India, for the collection of a fuller and 
more representative series of fossils from the Triassic formation, as displayed in 
the Himalayan frontier country between Milam and Niti on the one side and the 
Thibet-Hundes on the other, has been brought to a successful conclusion. The 
party consisting of Dr. Diener who had been sent out from Vienna, and Messrs. 
Griesbach and Middlemiss of this Survey, broke up in the middle of October. Dr, 
Diener leaves Calcutta for Vienna on the 3rd November: a large collection of 
fossils which is fully and very duplicatively illustrative not only of the features and 
relations of the questions arising out of the more poorly represented series in the 
collections sent to Europe by the Survey last year for determination and description 
by Austrian specialists, follows Dr, Diener. A very happy result of the Mission is 
that the original survey of this Himalayan region by Mr. Griesbach has received 
complete confirmation. The further fossil evidence which was required to com- 
pletely establish his three upper Triassic Cephalopod zones, and more especially his 
Indian Muschelkalk horizon, with Saaenites, etc., and those of the Dinariies and the 
Octoceras beds, attributed to lower Triassic age, are reported to have been fully 
supplemented. 

In the South of India, Mr. Holland took the opportunity, during the last month, 
of following up the series of ultra-basic rocks which he discovered last season in the 
Salem district. In the north-west direction, they occur intruding into the metamor- 
phics of the Mysore State, and in places are accompanied by a development of 
magnesite and chalcedonic veins similar to those exposed on the well-known 
** Chalk ” hills. The Corundum beds of the Hunsur taluq, which arc associated 
with graphitic schists and are frequently interrupted by the above-mentioned igne- 
ous rocks, follow the general north-north-west and south-south-cast strike of the 
crystalline schists of that area, and they may be traced from Singanamaranhalli in 
the south-east to Ramenhalli in the north-\\cst; whilst, from the evitlence of speci- 
mens which have been collected, it seems that the same beds extend in one direc- 
tion into the Coimbatore district and in the opposite direction to the Uppinagadi 
taluq of the South Canara district— coinciding thus with the general direction of 
foliation of the metamorphic rocks . Amany of these rocks are of considerable 
petrologica interest, Mr. Holland is preparing an account of their microscopic 
characters to accompany his field-notes. Amongst them we find a large series of 
bypersthene-bearing rocks varying in composition from hypersthene-microcline- 
granite to almost pure hypersthene-rocks. Various stages, also, in the decomposition 
of the Cor andum, with its silicification and hydration, are represented amongst the 
specimens collected. 

In a previous issue of these tri-monthly notes, No. 1 1, ending 301b April last, it 
was mentioned that Dr. Noetling had been successful in unearthing a series of 
vertebrate fossils from the tertiary rocks near Yenangyoung. This collection is now 
being registered in the Museum of the Survey, and it turns out to be one' of the 
finest displays of Siwalik forms which has been brought to light since the historic 
finds of Cautley and Falconer in the original Siwalik area. So far, Dr. Noetling has 
been able to discriminate the following ? Squakdon, sp„ ? Zutia, sp Anthraco^ 
iherium silutreme, Pent., Anihracotkerium, cf. hyr^potamnides, Lyd. Cervm 
BtMus plaiyceros, Lyd., Boselaphus, sp., Hipparion anfelopinum, Fal. and Cant" 
Sus titan, Lyd., Hippopotamus iravadicus, Lyd., Rhinoceros {Aceroi her turn) iravadl 
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cusj Lyd., Rhino u simlensis^ Fal. and Caut., Elephas {Stegodon') clifii^ Fal. and 
Caut , Mastodon latide?is, Clift, Avis^ sp, nov., Colossockelys atlas^ F. and C., Emyda 
sivaUnsis^ Lyd., Trionyx^ sp.y Crocodilus sivalensis, Lyd., Gariatis, cf, gangeticuSy 
Gmel., Myliohates, sp,, Lamna^ sp,y Cartharias, sp. 

Chipped flints were found in the Hipparion antelopinum bed, together with 
Rhino, iravadicusy Rhino, simlensis, Qarialis gangeticusy CrocodiluSy sp., Colossoche- 
lys atlas and Irionyx, sp. 

The oifficers of the Surey have been disposed for the camping season as below, 
and most of them are now at the scene of their operations ; — 

Rewa.---i:\ito, W. H. Hughes, Superintendent ; F. H. Smith, Assistant Superin- 
tendent ; Kishen Singh, Sub-Assistant. 

Baluchistan — C. L. Griesbach, C.I.E., Superintendent* 

Assam, — R. D, Oldham, Superintendent, 

Lower Burma.— Y, N. Bose, Deputy Superintendent; P. N. Datta, Assistant 
Superintendent. 

Upper Burma, — Fritz Noetling, Palaeontologist. 

Salt-Range Coal, — Tom. D. LaTouche, Deputy Superintendent ; W, B. D. 

Edwards, Assistant Superintendent. 

Hazara, — C. S. Middlemiss, Deputy Superintendent; Hira Lai, Sub-Assistant, 

Head-quarters , — ^The Director ; and T. H. Holland, Assistant Superintendent, 

It is intended that Mr. Hughes shall visit Mergui early next year, in view of the 
coal exploitation on the great Teiiassarim river, which is about to be undertaken by 
Mr. Bose. Mr. Oldham, at present on leave, will keep touch with head-quarters 
until the forthcoming Manual of the Geology of India is completely passed for 
Picss. Mr. Holland is engaged, in addition to his other duties, in lecturing 
on Geology at the Presidency College. He will avail himself of every opportunity 
for continuing his mineial exploration in the Madras Presidency. 


List of Assays and Examinations made in the Laboratoryy Geological 
Survey of India^ during the months of August, September, atid 
OctoheKy i8g2. 


Substance, 

For whom. 

Result. 

Two specimens of ferrugin- 

T. W. H. Hughes, Geo- 


ous quartz, from Mysore 

logical Survey of India. 


mines assayed for gold. 
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List of Assays and Examinations made in the Laboratory^ Geological 
Survey of India^ during the months of August, September, and 
October, i8p2 — continued. 


Substance. 


For whom. 


Three specimens of coal, P. N. Datta, Geological 
and one of iron pyrites, Survey of India, 
from Burma. 


» 8 

tiQ s 

G Oi 


^ Q § to c>. ^ 


S-a 5 ^ 


t: a • 

eS O 

s . 

Sl'2^ 

IS ^ ^ 


^ l-H 

Four specimens of Amal- J. Driver, Managing Assayed for gold and silver, 
gam Agent, Kalianpur-Behar 

Gold Mining Co,, Ld., 

Calcutta. 


Four specimens ; quartz, P. N, Bose, Geological (i) Quartz, from Oleingwin, old ' 
clay, etc., for gold ; and Survey of India, pits.” 

6 specimens for tin, from (2) Quartz, stained with oxide of I 

Burma. iron from “ Shwe Dong, near/ 

Tavoy.” ^ ) 

(3) Quartzite, with specks of ironf 
pyrites, from ** Manoroon.” V 

(4) Ferruginous clay, from “ Shwe ^ 

Dong, near Tavoy,” j 
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List of Assays and Examinations made in the Laboratory^ Geological 
Survey of India^ during the months of August ^ September^ and 
October y /<5*p2— continued. 


Substance. 


For whom. 


Result. 


Coal found while digging 
a well at Village Chattri, 
about 42 miles trom 
Bikanir, at a depth of 
about 240 feet from the 
burface ; seam about 5 
feet thick. 


Quartz and calc-spar, with 
iron pyrites, from Chota 
Nagpur. 

Two specimens of rocks, 
from Madras, for silica 
percentage. 


C. S. Bayley, C.S., PolitU 
cal Agent, Bikanir. 


(1) Washed sand, chiefly tourmaline, 
from “ Frathan, head-waters of the 
Lenya River.'* Contains tin. 

(2) Washed sand, from “Manoroon.” 
Contains a trace of tin. 

( 3 ) Washed sand, from “ Shwe Chang 
Myetta.” Contains tin. 

(4) Decomposed granite, from “ Granite 
Hill Mines, Inner Bokpyn.” Contains 
no tin. 

(5) Red micaceous sandstone, from 
“ Hill Mines, Maliwoon.*’ Contains no 
tin. 

(6) Specimen from near Indeorza.” 

=» Wolframite, with quartz. 

Quantify received 12% os. 
Moisture • , , 9’04 

Volatile matter • « 30*30 

Fixed carbon • • 14*42 

Ash « • • • 46*24 


]. Yates, Mackillican 
& Co , Bengal Gold and 
Silver Mining Co., Cal- 
cutta. 

Thomas H, Holland, 
Geological Survey of 
India. 


100*00 

Does not cake, 

Ash-pale gray. 

Assayed for gold. 


No, If 4*jo^ffom N, W, of Kanjamalaif 
i mile from Siikeswarankovil, 
Contains 54*46 per cent, silica (SiOa). 

No, — > from Pallavaram, 

754 

Contains 47*79 per cent, silica (SiOa)* 


Amber, from tbe amber 
mines, Upper Burma. 


F, NoETLtNG, Geological 
Survey of India. 


No. I, 3S9i 

sp. gr. 

1 * 037 . 

M 

1, 362, 

19 

1 * 046 . 

») 

1. 363. 

» 

ro39* 

>» 

1.366. 

99 

1 * 036 . 


I. 367. 

>9 

1 * 033 . 

19 

I. 367. 

99 

ro37. 


I. 367. 

99 

ro3S. 

$} 

1. 367. 

l> 

ro3S. 

11 

I. 370. 

9> 

1 * 042 . 

If 

I. 37«. 

9> 

1 * 036 . 

if 

I. 37». 

99 

ro37. 


Coal and clay, from Kal- 
aba Toung, about 12 
miles from Kyaukphyu. 


A. Leids, Deputy Com- 
missioner, KyaukphyUm 


Coal, QuanUty teceivedf 66 lbs. 
Moisture . • 5*02 

Volatile matter » 53*12 

Fixed carbon , 29*34 

Ash • . . 14*52 


100*00 

Cakes strongly. 

Ash, red. 
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List of Assays and Ej^aminalions made in the Laboratory^ Geological 
Survey of India^ during the months of August, September, and 
October j8g2 -concluded 


Substance. 

For whom. 

j Result. 

Crystairine Kmestoue, 

found in Sikkim. 

J. C. Whste, Po-Hiical 
Agent, Sikkim. 

Clay, Quantity received^ 7 Us. 

Fused completely at a reddish-white 
heat ; will not answer as a fire-clay. 

Contains 21*00 per cent, of insoluble 
matter, consisting of sand, etc., the 
rest (79 per cent.) being carbonate of 
lime, with a trace of iron and alumina. 


notifications hy the Government oi India and the Geological Survey of 
India during the months of August^ September, and October jSg 2 ^ 
published in the ‘ Gazette of India/^ Parts I and IL — Leave. 


Department, 

No. of 

order and date. 

Name of officer. 

; Nature of 
leave. 

! 

With effect 
from 

Date of 
reinm. 

Remakks. 

Revenue and 

Agricultural 
Department. 

w 3ra 

! August 1892. 

1 

P. N. Datta, 
Assistant 
Superintendent, 
Geological 
t»urvey. 

Privilege 

26th Aug. 
1892, 

j iSth Oct. 
1892. 


Ditto 

. dated i6ih 
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August 1892. 

K. B. W. 

Garrick., 
Artist. Geologi- 
cal Survey. 

Do, . 

20th Aug. 
1892. 

JOth Oct 
1892. 


Geological Survey 
Deportment. 

1205, dated 25th 
August 1892. 

R. D- Oldham, 
Superintend- 
ent, Geological 
Survey- 

Do. 

i 

7th Oct. 
iSga. 

... 



Annual Increments to graded Officers sanctioned by tke Government of 
India during August, September, and October iSgz, 


Name ol officer. 

Frona 

To 

With effect 
fsom 

] 

No. and date of i 
sanction. 

Remarks^ 

V N. Datta, Assistant 
Sttpermtendent, Geological 
Survey, 

ft 

R 0. f. 
313 5 A 

ist July 

XS92. 

Revenue and 
Agncultural 
Department 

No. —'dated 
$Oth July 
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Tri- monthly Notes. 


Annual Increments to graded Officers sanctioned hy the Government of 
India during August^ September^ and October i8g2 — concluded. 


Name of officer. 


With effect No. and date of 
from sanction. 


F. H. Smiih, Assistant 
Superintendent, Geological 
Survey. 


T. H. Holland, Assistant 
Superintendent, Geological 
Survey. 


C. L. Griesbach, Superin- 
tendent, Geological Survey. 


Fritz Noetlino, Paloento- 
logist, Geological Survey. 


Rap. 

380 o o 1st August Revenue and 

1892. Agricultural 

Department 

No. dated 
I3tb August 

410 o o 1st Septem- Revenue and 

her 1892. Agricultural 
Department 

• XT J . 

No. dated 

13th September 
1892. 

950 o o 1st August Revenue and 

1892. Agricultural 

Department 

I No. dated 

i 13th September 

1892. 

700 o o 1st October Revenue and 

1892. Agricultural 

Depai tment 

No. dated 

22nd October 
1892. 


Postal and Telegraphic Addresses of Officers. 


Name of Officer. 


Postal address. Nearest Telegraph Office, 


T. W. H. Hughes 
C. L. Griesbach 
R. D. Oldham . 

P. N. Bose 
T. H. D. LaTouche 
C. S. Middlsmiss 
W. B. D. Edwards 
P. N. Datta 
F. N5etling « 
Hira Lal . * 

Kishen Singh • 


. Mirzapur . 


« Calcutta . 

. Mergui « 

, Haranpur 
. Abboitabad 
. Haranpur 
. Mergui 
Calcutta • 

, Abbottabad 
• Mirzapur 


, Mirzapur. 

. Quetta. 

. Calcutta. 

• Tavoy, 

. Haranpur. 

. Abbottabad* 
Haranpur, 

. Tavoy* 

• Calcutta. 

• Abbottabad. 

• Mirzapur. 
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Donations to the Museum. 


DONATIONS TO THE MUSEUM. 

From ist August to 31ST October 1892. 

A miscellaneous collection of minerals, from Cornwall. 

Presented by Charles von der Hillen, 53, CHOwRrNGHEE, Calcutta, 
A specimen of auriferous quartz, from the Rajgeer Range, about 4 miles from the eastern 
end, Behar; and a string of beads made from rock crystals, at Nana, about 8 miles 
south of Behar- 

Presented by C. Purdy, Kalyanpur. 

Fragment of a molar of Elephas sp., from the Godavari River. 

Presented by T. Vanstavern, Dowlaishweram. 


ADDITIONS TO THE LIBRARY. 

From ist July to 30TH September 1892, 

Titles of Books, Donors* 

AndrS, George G , — A Practical Treatise on Coal-mining, Vols. I and II. 

4° London, 1888. 

Ball, Sir Robert , — The Cause of an Ice Age. 8*^ London, X891. 

Becker, George F.— Geology of the Quicksilver Deposits of the Pacific Slope. 4® 
Washington, 1888. 

Revenue and Agricultural Department. 
Bfnedikt, Dr, F., and Knecht, F.— The Chemistry of the Coal-Tar Colours. 8® 
London, 1889. 

Blake, F . — Annals of British Geology for 1890. 8° London, 1891, 

Bonney, Prof T, The Year-Book of Science for 1891. 8® London, 1892. 

Brbzina, Aristides , — Explanation of the principles of Crystallography and Crystallo- 
physics. 8° P. Washington, 1874. 

Bronn^s Klassen und Ordnungen des Thier-Reichs 
Band II, Abth. IL, lief, 6-8. 

„ II, „ III., „ 13-16. 

„ III, lief. 1. 

,, IV, „ 21-23. 

„ V, Abth. 1 1 ., lief. 32-34. 

» VI, „ V, „ 37-39. 

S'* Leipzig, 1892, 

Cassino, S, E . — The Scientists’ International Directory, containing the names, addresses, 
special departments of study, and of Professional and Amateur Natura- 
lists, Chemists, Physicists, Astronomers, &c., &c. 8° Boston, 1893. 
Constable, ArGhihald,---l^Te.'vds in the Mogul Empire by Francois Bernier. A.D. 
1656-1668. 8® Westminster, 1891. 

Davies, D, Treatise on Earthy and other Minerals and Mining. 8® London, 1892. 
Fisher, Re^* Osmond - — Physics of the Earth^s Crust, London, 1889. 

Forbbs, Report on the progress of the Iron and Steel Industries in Foreign 

Countries. S'* P. Newcastle-upon-Tyne, 1876. 

Geikie, il.'— Elementary Lessons in Physical Geography. 8® London, 1892. 
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TUUs of Books, Donors. 

Goum, Francois,’---The Art of Teaching and Studying Languages. 8®London, 1892. 

Harrison, W. ferome^-^Elementatry Text-Book of Geology. 8° London, 1889, 

Harrison, W. Jerome^ and Warefield, i?.— Earth Knowledge. Parts I and IL 
London, 1891. 

Holland, T. AT.— Preliminary Report on the Iron-Ores and Iron Industries of the Salem 
District. 8° P. Calcutta, 1892. The Author, 

King, C. IK— The Natural History of Gems or Decorative Stones. 8® London, 1867. 

Kolbe, Dy. short text-book of Inorganic Chemistry. 8® London, 1892. 

Lepsius, Geologic von Deutschland und den angrenzenden Gebieten. Band 

I, lief 3. 8® Stuttgart, 1892. 

Littlehales, G. IK— The average form of Isolated Submarine peaks, and the inter\al 
which should obtain between soundings taken to disclose the character 
of the bottom of the Ocean. 8® P. Washington, 1 890. 

Revenue and Agricultural Department. 

Marcou, fules.^The Geological map of the United States and the United States 
Geological Survey. 8® P. Cambridge, Mass , 1892. 

The Author, 


Merrill, George, P , — Stones for Building and Decoration. 8® New York, 1891, 

Mills, F. Photography applied to the microscope. 8® London, 1891. 

MiL'SEtfohn, and Burton, W. The Great Earthquake of Japan, 1891. 2nd Edition, 
Fol. Y okohama, 1 892. 

New'BERRY, John 5 '.— Fossil Fishes and Fossil Plants of New Jersey and Connecticut 
Valley. 8® Washington, 1888. 

Revenue and Agricultural Department. 


„ The Paleozoic Fishes of North America. 4® Washington, 1889. 

Revenue and Agricultural Dipartmeni. 

Norwegian North Atlantic Expedition, 1876—1878. Zoology, Crinoidaand Echinida, by 
D. C. Danielssen. 4® Christiania, 1892. The Committee. 

Pal^ontologie Franpaise Terrains Tertiaires 6oc6ne Echinides. Tome II, hv. 26. 8® 
Paris, 1892. 

Pamely, Caleb — The Colliery Manager’s Hand-book. 8® London, 1891. 

Philips’ Handy Volume Atlas of London. 8® London, 1891. 

Roscoe, Sir H. E,, and Schorlemmer, C.— A treatise on Chemistry, Vol. Ill, part 
6. 8® London, 1892. 

Sadtler, Samuel P,— A Hand-book of Industrial Organic Chemistry, 8® Philadelphia 
1892. 

Siemens, C. IK— Op Puddling Iron, 8® P. London, i868. 

„ On smelting Iron and Steel. 8® P. London, 1873. 

Streeter, Edmn The Great Diamonds of the World. 8® London, 1882. 

Thomson, Sir C, Wyi>ilU, and Murray, Report on the Scientific Results of the 

voyage of H. M. S. Challenger^* during 1873—1876. Deep Sea 
Deppsits. 4® London, 1891. India Obpice, London. 

Tryon, (J, IK— Manual of Conchology. Vol. XII, part $2, and 2nd series, Vol. VI, part 
28. 8® Philadelphia, 1892. 
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Additions to the Library. 


Titles of Books. Donors* 

Walcott, Charles Z).— Preliminary Notes on the discovery of a Vertebrate Fauna in 
Silurian (ordovician) Strata. 8° P. Rochester, 1892. 

The Author. 

„ The Fauna of the Lower Cambrian or Olenellus zone. 8*^ 

Washington, 1890. 

Revenue and Agricultural Department. 

Wallace, Alfred Russel.--- Island Life or the Phenomena and causes of insular Faunas 
and Floras including a revision and attempted solution of the problem 
of geological climates. 8° London, 1892. 

Watts’ Dictionary of Chemistry. Vol. Ill, revised and entirely rewritten by H. F. Morley 
and M. M. Pattison-Muir* 8° London, 1892. 

Weed, ZT.— The formation of the Travertine and Siliceous Sinter by the vegetation 
of hot springs. 8° P. Washington, 1890. The Author. 

Whymper, How to use the Aneroid Barometer. 8° London, 1891. 

„ Travels amongst the Great Andes of the Equator. 8° London, 

1891. 

„ Supplementary appendix to travels amongst the Great Andes of 

the Equator. 8° London, 1891. 


PERIODICALS, SERIALS, etc. 

American Geologist. Vol. IX, Nos. 1—6, and X, No. i. 8® Minneapolis, 1892. 

American Journal of Science. 3rd series, Vol, XLIII, No, 258 to Vol. XLI V, No. 260. 
8° New Haven, 1892. 

American Naturalist. Vol. XXVI, Nos, 306-308. 8° Philadelphia, 1892. 

Annalen der Physik und Chemie, Neue Folge, Band XLVI, heft 2-4. 8° Leipzig, 
1892. 

Annals and Magazine of Natural History. Vol. X, Nos. 55-57. 8° London, 1892. 

Athenaeum. Nos. 3373-33^4* 4° London, 1892. 

Beiblatter zu den Annalen der Physik und Chemie. Band XVI, Nos. 5-7. 8® Leipzig, 
1892. 

Chemical News. Vol LXV, No 1699 to Vol. LXVI, No. I7I0. 4° London, 1892. 

Colliery Guardian. Vol. LXIII, No. 1642 to Vol. j LX IV, No, 1653. Fol. London, 
1892. 

Geological Magazine. New Series, Decade III, Vol. IX, Nos. 7-9. 8° London, 1892. 

Indian Engieering. Vol. XII, Nos, 1-125 and supplement Vol. XL Fisc. Calcutta, 
^^92. Pat. Doyle. 

Iron. Vol. XXXIX, No. 1014 to Vol XL, No, 1025, Fol. London, 1892* 

Mining Journal. Vol, LXH, Nos. 2964-2975, Fol, London, 1892. 

Natural Science. Vol. I, Nos. 1-6. 8° London and New York, 1892, 

Nature. Vol. XLVI, Nos 1181-1192, 4° London, 1892, 

Neues Jahrbuch fur Mineralogie, Geologic und Palaeontologie. Band I, heft 3, 8® 
Stuttgart, 1892. 

Oil and Colourman’s Journal Vol XIII, Nos. 143-145. 4® London, 1892. 

Petermann’s Geographischer Mittheilungen. Band XXXVIII, Nos, 6-8. 4® Gotha, 
1^92* The Editor. 

Scientific American. Vol LXVI, Nos, 23-26, and LXVII, Nos. 1*8. Fol New York, 1892. 
24 
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Titles of Books. Donors, 

SdentHc American. Supplement. Vol. XXXIII, No. 857 to Vol. XXXIV, No. 868. 
Fol. New York, 7892, 

The Indian Engineei. Vol. XIII, Nos. 273-284. Fisc , Calcutta, 1892. 

J. MacIntyre. 


GOVERNMENT SELECTIONS, RFF ORTS, etc, 

Bombay. — Magnetical and Meteorological Obseivations made at the Government Obser- 
vatory, Bombay, in 1890, 'with an appendix. Fisc , Bombay, 1892. 

Bombay Government. 

,, Selections from the Records of the Bombay Go\ernment. New Scries* 
Nos. 256 and 258. Fisc., Bombay, 1892. Bombay Government. 

India. — Administration Report of the Marine Survey of India for 1891-92. Fisc., Bom- 
bay, 1892. Bombay Government. 

,, Administration Report on Railways in India for 1891-92. Part I Fisc., 
Simla, 1892. Government of India. 

,, General Report on the operations of the Survey of India Department for 
1890-91. Fisc., Calcutta, 1 892. Survey of India. 

,, Quarterly Indian Army List, New Series, No. 12. 8° Calcutta, 1892. 

Government of India. 

„ Indian Meteorological Memoirs Vol. I, Part 1 . 4® Calcutta, 1892. 

METroROLOGrc.L Refor'^er ro Government or India. 

„ Meteorological Observations recoided at seven Stations in India in 1891, cor- 
rected and reduced. 4° Calcutta, 1892. 

Misti- OROLOGICAL Reporter to Government of India. 

„ Monthly Weather Review for November 1891 to April 1&92, 4® Calaitta, 
1892. Meteorological Reportfr to Government of India. 

„ Register of Original Observations in 1891 and 1892, reduced and coircctcd, 
November 1891 to April 1892. 4° Calcutta, 1892. 

Meteorological Reporter to Government oi India. 

„ Register of Original Obseivations in Madras, reduced and corrected, January 
1891 to April 1892. 4® Calcutta, ^892. 

Meteorological Reporter to Government op India. 

„ Report on the Meteorology of India in 1890. 4® Calcutta, 1892 

Meteorological Reporter to Government or India. 

Selections from the Records of the Government of India in the Foreign Depat t- 
ment. Nos. 288 and 291. Fisc., Calcutta, 1892 

Foreign Department. 

Madras.-* Madras Meridian Circle Observations for the years 1874 to 1876. 4® Madias, 
1892. Madras Government. 


TRANSACTIONS, PROCEEDINGS, etc., OF SOCIETIES, SURVEYS, etc. 

Adelaide.— Transactions of the Royal Society of South Australia. Vol XV, part L 
8® Adelaide, 1892, The Society, 

Albany.— Bulletin of the New York Stale Museum. Vol, I, No. i. 8® Albany, 1892. 

The Museum. 
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Additions to the Library, 


Titles of Boohs, 


Donors, 


Albany.— F orty-fourth Annual Report of the Regents of the New York State Museum 
for the year 1890. 8° Albany, 1892, The Museum, 

Baltimore.— American Chemical Journal, Vol, XIII, No. 7, and XlV, No* i. 8° 
Baltimore, 1891-1892. Johns Hopkins University, 

„ American Journal of Mathematics, Vol* XIV, No. i. 4° Baltimore, 1891. 

Johns Hopkins University. 

„ American Journal of Philology. Vol. XII, Nos. 2-3, 8° Baltimore, 

1891. Johns Hopkins University. 

„ Johns Hopkins University Circulars. Vol. XI, Nos. 98*100, 4° Balti- 
more, 1892. Johns Hopkins University. 

„ Johns Hopkins University Studies in Historical and Political Science, gth 

series. Nos. IX-X, and loth series, Nos. I-III. 8® Baltimore, 
1891-1892. Johns Hopkins University, 

Batavia.— Notulen van het Bataviaasch Genootschap van Kunsten en Wetenschappen. 

Deel XXX, Afl. i. 8° Batavia, 1892. Batavian Society. 

„ Tijdschrift voor Indische Taal-Land-en Volkenkunde. Deel XXXVI, 
Afl. i. 8° Batavia, 1892. Batavian Society. 


„ Verhandlungen van het Bataviaasch Genootschap van kunsten en Weten- 
schappen. Deel XL VII, Stuck i. 8® Batavia, 1892. 

Batavian Society, 

Berlin,— Abhandlungen der Koniglich Preussischen Geologischen Landesanstalt, Neue 
Folge, heft. 5. 8° Berlin, 1892. The Institute. 

„ Abhandlungen 2ur geologischen Specialkarte von Preussen und den Thurin- 
gischen Staaten. Band IX, heft. 3 with Atlas, and Band X, heft. 3, 
8® and 4° Berlin, 1891. The Institute.* 

„ Zeitschrift der Deutschen Geologischen Gesellschaft. Band XLIII, heft. 4, 
and XLIV, heft, i, 8® Berlin, 1892. The Society! 

Bombay.— Journal of the Bombay Natural History Society. Vol. VII, No, 1, and 
Index to Vol. VI of 1891. 8® Bombay, 1892. The Society, 

Bordeaux —Actes de la Soci 4 t^ Linne^nne de Bordeaux. 6”*® s^rie, Tome IV, 8® 
Bordeaux, 1892. The Society. 

Breslau.— Jahres-Bericht der Schlesischen Gesellschaft fur Vaterlandische Cultur. No. 

69, and supplement heft i. 8® Breslau, 1892. The Society, 

Bristol.— Proceedings of the Bristol Naturalists’ Society, New Series, Vol. VII, part I. 

With List of Officers and Council, Members, Associates, etc,, etc. 8® 
Bristol, 1892. The Society. 

Brussels.— Annales de la Soci 6 t 4 Royale Malacologique de Belgique, 4*“® s^rie. Tome 
V. 8® Bruxelles, 1892. The Society, 

„ Proc 4 s-verbal de la Soci 4 t 4 Royale Malacologique de Belgique, Tome 
XIX, pages 89-116, and XX, pages 1-56, 8® Bruxelles, 1890-1891. 

The Society. 

„ Bulletin de la Society Royale Beige de Geographic. Annde XV, Nos. 2> 3, 
and 6, and XVI, No. i. 8° Bruxelles, 1892. The Society, 

Clcutta— Contents and Index of the first twenty volumes of the Memoirs of the Geo- 
logical Survey of India from 1859 to 1883. By W. Theobald. 8® 
Calcutta, 1892. Geological Survey op India. 
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TitU& of Boohs, Donors, 

Calcutta.— Index to the Genera and Species described in the Palaeontologiaindica up to 
the year 1891. By W. Theobald. 4*^ Calcutta, 1892. 

Geological Survey op India. 

„ Epigraphia Indica of the Archaeological Survey of India. Vol. II, part 10. 

4® Calcutta, 1892. Government of India* 

„ Survey of India Department Notes for June and July 1892. Fisc., Calcutta, 
1892. Survey of India Department. 

„ Journal of the Asiatic Society of Bengal. New Series, Vol. LXI, part I, 
No. II, and part II, No. II. 8° Calcutta, 1892. The Society. 

„ Proceedings of the Asiatic Society of Bengal. Nos. 4'-s. 8® Calcutta, 1892, 

The Society, 

Cambridge.— Twenty-sixth Annual Report of the Woodwardian Museum and Lecture 
Rooms Syndicate for 1891. 8° Cambridge, 1892. The Museum, 

Cambridge, if <755.— Bulletin of the Museum of Comparative Zoology. Vol. XXIII, Nos. 

2- 3, 8° Cambridge, Mass., 1892. The Museum. 

» Memoirs of the Museum of Comparative Zoology, Vol. XIV, No. 

2, and XVII, No. 2. 4° Cambridge, Mass., 1892. The Museum. 

Cincinnati, — Journal of the Cincinnati Society of Natural History. Vol. XIV, Nos. 

3- 4. 8® Cincinnati, 1892, The Society, 

Colombo.— Journal of the Ceylon Branch of the Royal Asiatic Society. Vol. XII, No. 
42. 8® Colombo, 1892. 

Copenhagen. — Memoirs de V Acaddmie Royale des Sciences et des Lettres d Copen- 
hague. 6“* sdrie. Tome VII, No. 5. 4® Kjobcnbavn, 1891. 

The Academy. 

„ Oversight over det Kongelige Danske Videnskabernes Selskabs. 
Nos. I and 3. 8® Kjobenhavn, 1893. The Academy. 

Dehra Dun. — Synopsis of the Results of the Operations of the Great Trigonometrical 
Survey of India. Vol. XXVI. 4® Dehra Dim, 1892. 

Great Trigonometrical Survey op India. 
Dijon.— Memoires de FAcaddmie des Sciences, Arts et Belles Lettres. 4”*® sdrie, 
Tome ll. 8® Dijon, 1892. The Academy, 

Dublin.— Royal Irish Academy. Cunningham Memoirs. No. 7. 4® Dublin, 1892. 

The Academy. 

„ Proceedings of the Royal Irish Academy. 3rd Series, VoL II, No. 2. 8® 
Dublin, 1892. The Academy. 

„ Transactions of the Royal Irish Academy. Vol. XXIX, parts 18-19. S® Dub- 
lin, 1892. The Academy. 

Edinburgh.— Proceedings of the Royal Physical Society for Session 1879-80. 8® 
Edinburgh, 1880. 

„ Scottish Geographical Magazine. Vol. VIII, Nos. 7-8, 8® Edinburgh, 
^^92* Scottish Geographical Society, 

„ Transactions of the Royal Scottish Society of Arts. Vol. XIII, part 1. 
8® Edinburgh, 1892. The Society, 
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Titles of Boohs. 


Donors. 


Freiburg.— Berichte Uber die Vcrbandlungen der Geseilschaft fur Beforderung der 
Natur — Wissenschaften zu Freiburg. 

Band I, heft. 1-4 (1855-1858}, 

„ II, „ 1-4(1859-1862). 

„ III, „ 1-4(1863-1865). 

„ IV, „ 1-4(1867). 

„ V, „ 1-4(1868-1870). 

„ VI, „ 1-4 (1873 and 1876). 

„ VII, „ 1-4(1877, 1878 and 1880). 

„ VIII, „ 1-3 (1882, 1884 and 1885). 

Band I, {1886). 

„ II, heft. 1-4 (1887). 

„ III, (1888 j. 

„ IV, heft. 1-5 (1888-1889)* 

« V, „ 1-2 (1890-1891). 

S'" Freiburg, 1855.1891, The SocietV. 

Glasgow.— Glasgow University Calendar for 1892-93. 8° Glasgow, 1892. 

The University. 

Gottingen.— Nachrichten von der Konigl. Geseilschaft der Wissenschaften. Nos i-ii 

8° Gottingen, 1891. Xhe Society.* 

Hobart.- Papers and Proceedings of the Ro}al Society of Tasmania for 1891 8° 

Hobart, 1892. The Society. 

KoNiGSBERG.-Beitrage zur Naturkunde Preussens heraucgegeben von der Physi- 
kalisch-Okonomischen Geseilschaft zu Konigsberg, Nos. 6-7. 4° 

Konigsberg, 1892. ^ The Society. 

„ Schriftcn der Physikalisch-Okonomischen Geseilschaft zu Konigsberg 

Jahrg. 32 of 1891. 4° Konigsberg, 1892. The Society. 

Lausanne. — Bulletin de la Societe Vaudoise des Sciences Naturelles. 3”"® s6rie, Vol, 
XXVIII, No 106. 8° Lausanne, 1892. The Society. 

Leipzig.- Mittheilungen des Vereins fur Erdkundezu Leipzig, 1891. 8° Leipzig, 1892. 

The Society. 

LifeGE.— Annales de la Societe G^ologique. Tome XIX, livr. 2. 8° Li6ge, 1891-1892. 

The Society. 

Lille.— Annales de la Societe G 6 o 1 ogique du Nord. Tome XVII and XVIII. 8® Lille 
^^9 ^’ The Society. 

Lisbon.— Commiss^o dos Trabalhos Geologicosde Portugal. Fauna Silurica de Portugal. 

Descnp^ao de Uma Forma Nova de Trilobite Lichas (Uralichas) 
Ribeiroi. Per J. F. N. Delgado. 4® Lisboa, 1892. 

The Commission. 

London.— 'Journal of the Chemical Society. Nos 355-357* 8^ London, 1892. 


n 


F. R, Mallet. 

Journal of the Linnean Society of London. Zoology, Vol. XXIH, No. 148 to 
Vol. XXIV, No. 151 ; and Botany, Vol. XXVI, No. 176, and Vol. 
XXVHI, No* 194 to Vol. XXIX, No. 201. 8^ London, 1891-1892. 

^ The Society* 

List of Fellows of the Linnean Society of Loudon, 1891-92. 8° London, 1891, 

« r. ^ The Society. 

Proceedings of the Linnean Society of London. November 1888 to June 1800 

8^ London, 1891. The Society* 
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Lon DON. —Transactions of the Linnean Society of London. 2nd series. Botany, Vol. Ill, 
parts 4-7. 4® London, 1891-1892. The Society. 

„ Journal of the Society of Arts. Vol, XL, Nos. 2064-2076. 8° London, 
1892. The Society. 

„ Proceedings of the Royal Geographical Society. New Series, Vol. XIV, 
Nos. 2 and 4-7. 8" London, 1892. The Society. 

„ Proceedings of the Rojal Institution of Great Britain. Vol. XIII, Part 11 , 
No. 85. 8® London, 1892. The Institution. 

„ Proceedings of the Royal Society. Vol. L, No. 304 to Vol. Ll, No. 312. 8® 
London, 1892. The Society. 

„ Proceedings of the Zoological Society of London. Parts 1-2. 8® London 
1892. ^ The Society, 

„ Quarterly Journal of the Geological Society. Vol. XLVIII, No. 191. 8® 
London, 1892. The Society. 

Quarterly Journal of Microscopical Science. New Series, Vol. XXXIII, 

part 4. 8® London, 1892. 

Madrid.— Boletin de la Sociedad Geografica de Madrid. Tome XXXII, Nos. 5-6. 8® 
Madrid, 1892. The Society. 


Manchester.— Transactions of the Manchester Geological Society. Vol. XXI, parts 
18-20. 8® Manchester, 1892. The Society. 

Melbourne.— Annual Report of the Secretary for Mines, Victoria, for 1S91. Fisc. Mel- 
bourne, 1892. Mining Department, Victoria. 

„ Transactions of the Royal Society of Victoria. Vol. II, part II. 4® 
Melbourne, 1891. The Society* 

Montreal.— Geological and Natural Plistory Survey of Canada. Catalogue of Canadian 
Plants. Part VI. By John Macoun. 8® Montreal, 1892. 

Geological and Natural History Survey, Canada. 
Moscow.— Bulletin de la Socidtd imperiale des Naturalistes, No. i. 8® Moscou, 1892. 

The Society. 

Newcastle-upon-Tyne. — Transactions of the North of England Institute of Mining 
and Mechanical Engineers. Vol. XL, part 4, and XLI, parts 2-3, 
8® Newcastle-upon-Tyne, 1892. The Institute. 

Naples.— Rendiconto dell’ Accademia delle Scienze Fisiche e Matematiche, 2nd sdrie, 
Vol. VI, fasc. 1-6. 4® Napoli, 1892. The Academy. 

Ottawa.— Geological and Natural History Survey of Canada. Contributions to Cana- 
dian Micro-Palaeontology, by Dr. D. Rust. Part IV. 8° Ottawa, 
1892. Geological and Natural History Survey, Canada, 

Oxford.— Catalogue of Boots added to the Radcliffe Library, Oxford University 
Museum, during 1891. 4® Oxford, 1892. The University, 

Paris*— Annales des Mines. 9“** sdrie, Tome I, livr. i and 3-5. 8® Paris, 1892. 

Dept, of Mines, Paris, 

„ Annuaire Gdologique Universel Revue de Gdolog^e et Paleontologie, Tome 
VIIl, fasc. I. 8® Paris, 1892. The Editor, 

„ Bulletin de la Socidte de Gdographie, 7"® sdrie, Tome XII, No. 4, and XIII, 
No. I. 8® Paris, 1892. ^ The Society. 

„ Comptes Rendus des Stances de la Sooidtd de Gdpgraphie. Nos# 9-14, 8® 
Paris, 1892 The Society 
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Paris— Bulletin de !a Soci^t 4 Gdologique de France. 3”e serie, Tome XIX, No. 8, 
and XX, No. i. 8° Paris, 1891-1892. The Society. 

Memoires de la Seci6td Gtologique de France. Tome II, fasc. 3. 4° Paris, 


1891. 


The Society. 

Paris and Bologna.— Congrds Geologique International, ist and 2nd Sessions, 1878 
and 1881. 8° Pans and Bologne, 1880 and 1882. 

Philadelphia.— Journal of the Franklin Institute. Vol. CXXXIII, No. 6, and 
CXXXIV, Nos. 1-2. 8° Philadelphia, 1892. The Institute. 

Proceedings of the Academy of Natural Sciences. Part III (1891), 
’’ and Part I (1892}. 8° Philadelphia, 1891-1892, The Academy. 

Proceedings of the American Philosophical Society. Vol. XXX. S° 
Philadelphia, 1891. The Society. 

Pisa.— Atti della Societa Toscana di Scienze Naturali. Processi Verbali. Vol. VIII, 
pp. 49-84. 8° Pisa, 1892. The Society. 

Richmond.— Catalogue of the University of Virginia for Session 1891-92, and Announce- 
ments for Sessions 1892-93. 8° Richmond, 1892. The University. 

Rome.— Atti della Reale Accademia dei Lincei. Serie V., Rendiconti, Vol. I, Semestre 
I, fasc. 9-12, and Semestre II, fasc. 1-3. 8° Roma, 1892. 

The Academy. 

„ Atti della Reale Accademia dei Lincei. Anno CCLXXXIX, 1892. Rendi- 
conto dell’ adunanza Solenne del S Giugno 1892. 8® Roma, 1892. 

The Academy. 


Salem, Mass.— Bulletin of the Essex Institute. Vol. XXIV, Nos. 1-3. 8® Salem, 
Mass., 1892. The Institute. 

S^N Francisco.— Proceedings of the California Academy of Sciences. 2nd series, Vol. 

III. 8® San Francisco, 1892. The Academy. 

St. Petersburg,— Memoires deL’ Acad<lmie Impdriale des Sciences de St. Peters- 
bourg. Tome XXXVIII, Nos. 7-8, and Tome XXIX. 4® St. Peters- 
bourg, 1892. The Academy. 

„ Bulletins du Comitd Gdologique. Vol. X, Nos. 6-9, and XI. Nos. 

1-4. 8® St. Petersbourg, 1892. The Commission. 

„ Memoires du Comitd Gdoiogique. Vol. XIII, No. i. 4® St. Peters- 
bourg, 1892. The Commission. 

„ Verhand lungen der Russisch-Kaiserlichen Mineralogischen Gesells- 

chaft zu St. Petersbourg. Series II, Band XXVIII. 8® St. Petersbourg, 
1891, The Society* 

Stuttgart,— Jahreshefte des Vereins fur Vaterlandische Naturkunde in Wurttemberg, 
Jahrg. XLVIIL 8® Stuttgart, 1892. 

Sydney.— Annual Report of the Department of Mines and Agriculture, New South 
Wales, for the year 1891. Fisc. Sydney, 1892. 

Department op Mines, New South Wales. 

„ Australian Museum, Sydney, Catalogue of the Marine Shells of Australia 
and Tasmania, Part II, Pteropoda. 8® Sydney, 1892. 

‘ The Museum. 

Proceedings of the Linnean Society of New South Wales. 2nd series, 
Vol. VI, part 4. 8® Sydney, 1892. The Socxety. 
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Sydney.— Report of the Curator of the Technological Museum, New South Wales, 
forthe year 1890. Fisc., Sydney, 1891. The Museum. 

Toronto.— Annual Archaeological Report and Canadian Institute, Session 1891, being 
an appendix to the Report of the Minister of Education, Ontario. 
Toronto, 1891* The Institute.. 

„ Transactions of the Canadian Institute. Vol. II, part 2. 8° Toronto, 1891. 

The Institute. 

Turin.— Atti della R. Accademia delle Scienze di Torino. Vol. XXXVII, disp. 9-11. 

8° Torino, 1892. The Academy. 

Venice.— Memorie del Reale Istituto Veneto di Scienze, Lettere ed Arti. Vol. XXIII. 

4.^ Venezia, i8go. The Institute. 

Vienna.— Mineralogische und Petrographische Mittheilungen, von G. Tschcrmak. 

Band I, heft, i — 6. 

,, II, „ 1—6. 

„ HI, ., 1-6. 

„ IV. 1-6. 

„ V. „ 1-6. 

„ VI, „ 1-6. 

„ VII, „ 1-6. 

„ VIII, „ 1-6. 

„ IX, „ 1—6. 

„ X, „ 1—6. 

„ XI, „ 1-6. 

„ XII, „ i- 5 » 

8° Wien, 1878-1882, 1884-1889 and 1891. 

„ Mittheilungen der Kais. KonigU Gcographischon Gcscllschafi. Band I-V, 
VIl-X, Xni, XVIII-XXXII and XXXIV. 8° Wien, 1857-1861, 
1863-1865, 1868, 1871, 1875-1889 and 1891. The Society. 

Washington. — Bulletin of the United States Geological Survey. Nos. 62, 65 and 
67-81. 8° Washington, 1890-1891. U. S. Geologial Survey. 

„ Tenth Annual Report of the U. S. Geological Survey. Parts 1-2. 8® 

Washington, 1890. U. S, Geological Survey, 

„ Report of the Director of the Mint upon the production of the precious 

Metals in the United States during 1891. 8^^ Washington, 1892. 

United States Mint. 

„ Reports on Taxation and Production of Gold and Silver in the United 

States, 1887, 8® Washington, 1889. 

Revenue and Agricultural Department. 

„ Bulletin of the United States National Museum. Nos. 41-42. 8® 

Washington, 1891, The Museum. 

,, Report of the United States National Mascum under the direction of 

the Smithsonian Institute for the year ending 30th June 1889. Wash- 
ington, 1891. Institution. 

Annual Report of the Board of Regents of the Smithsonian Institution 
to July 1890, 8® Washington, 1891. The Institution. 

Wellington.— Colonial Museum and Geological Survey of New Zealand. Reports of 
Geological Explorations during 1890-91. 8® Wellington, 1891. 

Colonial Museum and Geological Survey, New Zealand. 
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Wellington’. — Twenty»sixth Annual Report on the Colonial Museum and Laboratory, 
8° Wellington, 1892. 

Colonial Museum and Geological Survey, New Zealand. 
„ Transactions and Proceedings of the New Zealand Institute. Vol. 

XXIY. 8° Wellington, 1892. The Institute, 

Yokohama,— Mittheilungen der Deutschen Gesellschaft fur Natur und Volkerkunde 
Ostasiens in Tokio. Band V, heft. 48-49. 4° Yokohama, 1892. 

The Society. 

York.— Annual Report of the Yorkshire Philosophical Society for 1891, 8® York, 1892. 

The Society. 

ZtfRiCH,— Vierteljahrschrift der Naturforschenden Gesellschaft in Zurich. Jahrg, 
XXXVII, heft. 1. 8° Zurich, 1892, The Society, 


MAPS. 

Berghaus, Professor Dr. Hermann. — ^Physikalischer Atlas, No. 25. Map, Gotha, 
1892, 


Ot f*C r. 0,.»No, iS D,C. Soirey,— 3o*i2-9»,— 6JO 



RECORDS 


OF 

THE GEOLOGICAL SURVEY OF INDIA 


VOLUME XXVI. 


Published by order of His Excellency the Governor General of India 

in Council. 


CALCUTTA: 

SOLD AT THE OFFICE OF THE GEOLOGICAL SURVEY 

(AKD Bt ALt BOOESEtLKRS). 

LONDON: KEGAN, PAUL, TRENCH, TRObNER & CO. 


Mccccxcni. 



CALC UTIA 

GJVSRSMLNi OF INDIA ChNTKAL t INTING OFFK E| 
iS HAbllNCrb blKlLi. 



CONTENTS, 


PART I. 

Annual Report of the Geological Survey of India, and of the Geological 

Museum, Calcutta, for the year 1892 

Notes on the Central Himalayas, by C. L. Griesbach, CJ.E., F.G.S., Superintendent ^ 
Geotog^ical Survey of India (with znd pieLte) ... . . . 

on the occurrence o/Jadeite in Upper Burma, by Dr, Fritz Noetling, Palceontolo- 

gisty Geological Survey 0/ India (with a map) 

On the occurrence of Burmite, a new Fossil Resin from Upper Burma, by Dr. Frite 
Noetling, Palceontologisty Geological Survey of India • • . . . 

Report on the Prospecting Operations, Mergui District, 1891-92, by T. W. H. Hughes, 
A.R.S.M., F.G S., Superintendent^ Geological Survey of India . . . , 

Tri-monthly Notes . . , • 

Donations to the Museum. 

Additions to the Library. 


PART 2, 

Notes on the earthquake in BaWchistdn on the 20th December 1892, by C. L. Griesbach, 
QX,^,y Superintendent^ G eological Survey of India 
Further Note on Burmite, a new amber-lihe fossil resin from Upper Burma, by Dr Otto 
Helm of Danzig. (Translated from the German by Professor Bruhl, Civil 

Engineering College, Sibpur » • . 

Note on the Alluvial deposits and Subterr'mean water-supply of Rangoon, by R, D. 

Oldham, A.R.S.M,, Superintendent y Geological Survey of India* (With a map) • 
Tri-monthly Notes 
Donations to the Museum, 

Additions to the Library. 

PART 3. 

Geology of the Sberani Hills, by Tom D. La Touche, B.A., Officiating Superintendent y 
Geological Survey of India* (With Maps and Plates) ... . ♦ 

Carboniferous Fossils from Tenasserim, by Fritz Noetling, Ph. D.. F,G,S., Polieonh* 
legist, Geological Survey of India. (With i plate) 

On a deep Boring at Chandernagore, by R, D. Oldham, A.R.S.M., Superintendent, 
Geological Survey of India 

Note on Granite in the districts q/'Tavoy and Mergui, by P. N. Bose, B, Sc. (London), 
F.G S., Deputy Superintendent^ Geological Survey of India* (With a plate) » 
Tri-monthly Notes •«*••*»•«*•« 
Donations to the Museum, 

Additions to the Library, 


?40IS 

X 

19 

£6 

3 * 

40 

S 3 


57 

61 

64 

70 

77 

9O 

xoo 

X02 

104 



IV 


CONTENTS. 


PART 4. 

On the Geology of the country between the Chappar Rift and Harnai in Baldchistdn, by 
C. L. Griesbach, StLperintendent^ Geological Survey of India* (With map 

and three plates) 

Notes on the Geology of a pari of the Tenasserim Valley with special reference to the 
Tendau-Kamapying Coal-field, by P. N. Bose, B.Sc., F.G.S., Officiating Superin- 
tendentj Geological Survey of India 

On a Magnetite /#-<?»* the Madras Presidency containing Manganese and Alumina, by 
T. H. Holland, A.R.C.S., F.G.S., Geological Survey of India , . , , 

On Hislopite (Haughton), by T. H. Holland, A.R.C.S., F.G.S., Geological Survey of 
India, (With a plate) 

Tri-monthly Notes 

Donations to the Museum. 

Additions to the Library. 


FAoa 

113 

148 

164 

166 

J7I 



RECORDS 


OF 

THE GEOLOGICAL SURVEY OF INDIA. 


Part 2.] 


1893. ‘ [May 


Notes on the earthquake in Baluchistan on the 20th December 1892, by 

C. L. Griesbach, C,l,K,y Sujffef^intendent, Geological Survey of India. 

Early on the morning of the 20th December 1892 an earthquake was felt over 
the greater portion of Baldchistdn, concerning which a few facts have been collected 
by several officials of the North-Western Railway and also by myself, which I have 
condensed in the following notes. 

Through the courtesy of Mr. C. W. Hodson, the Engineer-in-Chief of the 
Frontier Section of the North-Western Railway, I am enabled to give some particu- 
lars which have been reported by officials serving under his orders, and after Christ- 
mas I visited the Kdjak range in company of that gentleman to inspect the 
damage caused by the earthquake. Mr. L. Gordon, District Traffic Superintendent, 
has taken very instructive photographs of the effects of this earthquake, which were 
obligingly placed at my disposal \ reproductions of two of them being given here, 

I quote herewith extracts from the report of the Executive Engineer at Shala- 
bagh ; 

** On the 20th December, at 5-40 a.m. (Madras time’), this district was yjsited by a some- 
what severe earthquake. It was followed by several lesser shocks, and at Shalabagh® they 
continued at frequent intervals during the day, and have occurred at frequent intervals up to 
the present date®. The exact time of the shock was shewn by the stoppage of a pendulum 
clock in my office. 

# # # # 

“ Effects at S'rtnxaZ*.— The station building at this place has apparently suffered most. Its 
close proximity to the line of fissure which runs in a north-east and south-west line 
about half a mile below the station, being probably the cause. The water tower is standing, 
but most of the turrets are loose ♦ The oscillation of the ground caused the water to spill 
out of the iron tanks * The station building including the station master’s and signaller’s 
quarters and out-houses are very badly shaken, and will require rebuilding to a considerable 
extent. The whole of the chimneys have been thrown down. 

* At Quetta the shock was felt at 5-46 A.M. ; the distance from Shalabagh to Quetta being 
53 miles in a straight line. 

* Shalabagh is a station on the Sind-Peshin Railway at the eastern entrance to the Kdjak 
tunnel. 

* 22nd December. 

^ Sanzal is the first station on the western side of the Kdjak tunnel. 

B 
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‘^Lower down the line, at mile 643, ** ths only serious damage to the permanent way 
occurred. There is v'^ible at this spot to the eye, for a considerable distance, as far indeed as 
the eye can reach, aline of division in the soil, and where this intersects the railway at an angle 
of about 15® or 20°, the metals of the permanent- way were distorted in a most extraordinary 
way, the pairs of rails in each line immediately above the crack in the ground having suffered 
most. They were bent into a sinuous curve which is represented approximately in the annexed 
tracing and the photograph, ^ ^ ^ 

“ I have followed the line of fissure in the surface of the ground for a considerable distance 
on each side of the line, and it extends beyond Old Chaman on the one side for several miles 
I am told ; I myself followed it for one mile beyond Old Chaman and could then see it extend- 
ing far into the distance. In the other direction I am informed by an Achakzai, who had just 
come from there, it cuts the line of the Khwdja Amran range obliquely, and can be traced to 
the peak of that name, some i8 miles off. 

There appears to have been a shearing action on the surface of the ground, the line of 
shear being tangential to the line of cleavage. 

“The rails having resisted this motion were crumpled up in consequence. The joints in 
the rails on each side of the contortion have all been closed up, although, of course, originally, 
clearance for expansion had been left* 

“ The down line has now been put in order ; the rails which were removed consisted of * 

4 pairs of 30' » I2c/ 

1 pair ,,24' » 24' 

Total »» 144' 

and these have been replaced by — 

5 pairs of 24' 120' 

I pair „ 2|'6" « 21' 6 " 

Total « 141' 6" 

thus showing that the line has been contracted approximately 2i feet. 

“While tiacing the crack in the ground through Old Chaman, I found that it crossed all the 
collecting pipes of the Military Works Department at Old Chaman. Most of these pipes 
crossed the crack at approximately a right angle and had not suffered, but one inch pipe 
which cut it obliquely was pushed up and off the ground! and formed a sort of arch over the 
crack. ” 

In addition to the above, the report of that ofiScer contains a detailed statement 
of damages to railway buildings at Shalabagh which were very severe, of a slight 
damage to the defences on the western side of the Kdjak tunnel and of the effects 
on banks and bridges on the line, which, though showing the force of the shocks, 
can tell us little beyond that there was a severe earthquake, which had found out 
the weakest parts of those buildings and works. 

A week after the earthquake I visited the Kdjak range in company of Mr, 
Hodson. We first inspected the damage done by the earthquake to the houses and 
works in the neighbourhood of Shalabagh station at the eastern entrance of the 
K63ak tunnel ; though there was much mischief done to buildings, etc,, not much 
could be learned from these effects of the earthquake. If the scene of destruction 
had been in a closely built town, it naight have been possible to detect some 
method, if I might use the expression, in the damage done, but at Shalabagh the 
houses are far apart, built on unequal hilly ground, and the workmanship in the 
buildings, mosdy construgted of sun-dried bricks, is also very unequal, so that all 
*^one can say is that the shocks of earthquake have affected all the weak points of 
these buildings, many of which will have to be entirely reconstructed* 
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The K< 5 jak tunnel fortunately escaped seiious damage, though it is inteie&ting 
to hear that the water-supply from some springs which issue inside the tunnel and 
which now escapes in a regular drain from the western (or Chaman side) of the 
tunnel, was considerably increased after the earthquake shocks. 

The block-house wldch defends that entrance to the tunnel received some slight 
damage in the shape of cracks which have appeared in the solid masonry. 

The effects of the earthquake shocks aie visible almost all along the made 
banks on which the permanent-way is laid between the tunnel and Sanzal 
station. In their case the earthquake acted most beneficially, inasmuch as the 
artificially built-up material of these banks was well shaken down, and, though the 
latter have sunk here and there and cracks have appeared in places, their settling 
down and consolidating was equal to a season’s rain, as the engineer of that section 
reports. 

The real interest of the earthquake, however, centred in the damage done be- 
tween Sanzal station and Old Chaman. A glance at the map of the lidjak pass 
(No. 87 i scale 1 mile— 2 inches) will explain the scene of the 

earthquake. 

The line of railway descends to New Chaman from the Kdjak tunnel in several 
great curves and in sig-zag fashion. Sanzal station is situated near the upper 
margin of a great and rapidly descending glacis, which slopes down from the 
Kdjak range to the great plain in which New Chaman is situated. 

About half a mile west of Sanzal station will be observed a path which runs from 
the Khwdja Amran peak (8,864^) in a north-north-east direction along this glacis. 
It appears that at the immediate foot of the Kdjak range a great number of springs 
rise, close to which of course there is always a certain amount of grazing to be 
fonnd, and thus this line of springs has been connected by a regular path, made 
by flocks passing along these patches of pasture-land. The water escaping from these 
springs has furrowed and denuded the glacis into an infinite number of small 
channels which are well shown in the map. There is another feature which is at 
once apparent, and that is that the path with its springs and patches of grazing 
grounds all lie as it were in a natural depression, running parallel with the range 
of the Kdjak itself, whilst immediately to the westwards of it the ground of the 
glads rises somewhat, before finally descending to the plains. This is well 
marked near Old Chaman, the foot of which is built on this rising ground. 

About 7 to 8 miles south of Old Chaman this insignificant rise of ground be- 
comes an auxiliary range of hills, which runs west and parallel with the Kdjak 
range towards the Khw 4 ja Amran peak itself, 

1 expect to have further opportunities of geologically examining this ground 
when the weather will permit in the spring ; until then I will only state my belief 
that the present path which connects the springs described indicates, as near as 
can be, the existence of an old fault line. At the present time I have no farther 
proof for it than this, that as far as I have been able to ascertain during this hurried 
visit, the line of path is, roughly speaking, also a geological boundary between the 
slaty formation of the Kdjak and a grey earthy limestone, the latter of which is very 
probably of upper cretaceous or lower eocene age ; this boundary being here 
suspidously abnormal in appearance. The springs which rise along it tend further 
to the opinion that they appear along a line of dislocation, which view is farther 
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strengthened by the fact that in the neighbourhood of the springs not only a kind of 
travertine is visible, but a curious breccia, consisting of debris of both the limestone 
and the slates of the K6jak and cemented by calcareous rock, is in situ and in 
strong force all along the line of path, but not off it, which breccia I now look upon 
as a fault-rock. The glacis itself is chiefly made up of recent deposits, fans from 
the range above, but I hope to discover a more exposed section further south, 
where the structure of this dislocation, if it is one, will be clearly demonstrated. 
Finally, but not least, the fault seems to be proved by the earthquake itself, which 
has originated in a further, though slight dislocation along a line, which exactly 
and absolutely coincides with the present pafh connecting the numerous 
springs. 

In my theory explanatory of this earthquake, I therefore start with the assump- 
tion that an old line of fault exists, which runs more or less parallel with the K6jak 
range itself. In a mountain range entirely formed by flexures, which chiefly 
correspond to the strike of the range itself, such faults usually exist on a large scale. 
The lateral pressure which caused the folding of the strata in such cases frequently 
results in one or several systems of dislocations, as we may observe in numerous 
instances within folded mountain ranges. 

What I could see of the effects of the earthquake in that region is soon told, 
and has been already described in the report of the Executive Engineer of Shalabagh. 
I will omit the damage done to station or other buildings and describe at once the 
fissure which has been mentioned above. It crosses the line of railway below 
Sanzal station at mile 643 and absolutely coincides with the line of path aforemen- 
tioned, never being fuither a^^ay from it than a few yards. It is therefore piactic- 
ally laid down on the large scale map with sufficient accuracy. I followed it 
north and south of where it tiaverses the line for several miles, and could moreover 
see it clearly in the distance following the same direction for very many miles. 
Mr. Hodson, to whom I am indebted for additional evidence, has had the fissure 
traced by some of his subordinates as far as the Khw^ja Amran peak, where it is 
said to bifurcate, one of the ciacks going east of the peak, the other west of it. 
The country is now under snow, and we shall have to wait till the spring weather 
permits further explorations. 

But a few facts can be learned from the fissure as we see it. All the features 
connected with it tend to the fact that the entire area west of the fissure has not 
only slightly subsided, but also bodily moved southwards. The lowering of the 
area seems to be about 8 inches to a foot, but exact measurements are difficult, and 
the subsidence is probably not equal at all points of the line of fissure. But it is 
fairly exactly proved that this area has shifted at least 2 feet to 2^ feet southwards. 
The fissure itself is mostly closed, the ground on the surface being generally soft 
debris, but here and there a gaping fissure has resulted, feom a few inches in width 
to several feet, the sides of which seem to be verfical. Frag-ments of turf and dry 
masses of the ground adjoining the crack have been carried along by the movement 
southwards, if the mass came from the eastern side of the fissure, or the reverse 
if it was detached from the western margin of the dislocation, feut where the move- 
ment may best be observed is in the permanent-way itself and in pipes crossing the 
fissure. The mass of the western area having pressed southwards and against the 
line of fissure, the rails which cross the latter have been forced into curves as already 
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well described in the report quoted, and the joints left open for expansion, have 
all been closed, as the movement was exerted in a direction more or less parallel 
with the permanent-way. 

Very nicely illustrated was the movement by the damage done to the water-pipes. 
One, which crosses the fissure obliquely, was bent, having no other means of 
yielding to the pressure. The others have merely been shifted and lifted out of 
the surrounding loose earth and debris. Different measurements may be obtained 
along the various points of the line of fissure. Here and there the dislocation of the 
pipes does not appear to be more than from a foot to eighte en inches or even less 
than that. It is probable that also within the mass of the ground adjoining the 
fissure compression had been active, and here and there where the strata were of a 
yielding nature has resulted in very little dislocation apparently of the ground 
itself, whereas along other points the effect is much greater. So far the largest 
measurement taken amounts to a shift of 2 feet 6 inches ; this was the result in 
the permanent-way at mile 643 and near several irrigation drains, which crossed 
the fissure at rightangles, and which have suffered a displacement of -that larger 
amount. It is highly probable, considering the variation of the measurements con- 
sequent on the difference in lithological character of the ground through which the 
fissure runs, that the sum total of the movement exceeded 2\ feet considerably, but 
of that we have so far no direct proof. 

From the foregoing it would appear that the process of contracting and folding, 
with resultant dislocations, of this area in Baliichistdn, is still proceeding. At some 
previous date in the history of the Khwdja Amran Mountain range this process of 
compression, as it must have been, has led to the formation of the line of fault, con- 
jectured in these notes ; the process, from whatever cause, is still active, and the 
tension having become too great has further resulted in a slight increase to the 
amount of dislocation already in existence. The two areas adjoining the fissure 
have moved about 8 inches vertically, and a couple or more feet horizontally from 
each other, which sudden establishment of a temporary equilibrium in this tension is 
no doubt quite sufficient to account for the vibration of the ground to a considerable 
distance, which vibration is commonly called an earthquake. 

I need scarcely say that there is no indication of any kind which would point to 
the existence of volcanic activity at, or anywhere near, the area affected by this 
earthquake ; I mention this only, because it was also in this case, as in other 
instances elsewhere, the popular theory advanced by many of those who personally 
experienced the alarming symptoms of this perfectly natural phenomenon. 
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Further Note on Burmite, a new anther-like fossil resin from Upper 
Burma. By Dr. Otto Helm of Danzig. (Translated from the 
German by PROFESSOR BruhL, Civil Engineering College, Sibpur.) 

Having received from the Director of the Geological Survey of India addi- 
tional and sufficient quantities of the amber-like fossil resin occurring in Burma,^ 

^See Reeofds Geol. Surv, XXV, 180. 
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I have continued its chemical and physical examination. My researches, the 
results of which I give in what follows, have rendered it evident, that we have 
to deal with a lemarkable fossil resin, which differs essentially from all fossil resins 
known hitherto, and to which I have given the name of Burmite. The specimens 
before me were found at the Nangotaema Hill, near Maingkhwan, and consist of 
eleven larger pieces and various fragments ; two of the pieces having been artifi- 
cially worked. The majority of the pieces have a colour which varies from light 
brownish-red to dark-brown, and they are semi-transparent ; other pieces are ruby- 
red and transparent ; two are golden-yellow and two wine-yellow. The weathered 
crust which covers the pieces is variously coloured, and differs also in other respects, 
according as the pieces, when in situ, were exposed to the action of the atmosphere 
or underwent a process of fossilisation in the absence of air. Those pieces which 
show least signs of weathering, are surrounded by a thin yellowish-brown or brown- 
ish-black crust ; the more weathered pieces aie covered with a yellowish-brown or 
dark-brown layer of a thickness of i-a mm., beneath which there are often some 
ruby-red layers. These layers are easily detached. Some pieces are traversed by 
cracks filled with crystallized calcium carbonate. 

The pieces which have not undergone the process of weathering are, generally 
speaking, harder than succinite; their hardness lies between 2*5 and 3. They 
also exhibit a greater power of resistance to the action of tools than is shown by 
succinite. On fracture it breaks into fragments with shining, flat-conchoidal sur- 
faces, *which have a resinous feel. All pieces fluoresce more or less, emitting 
a bluish light, which is especially well seen on polished surfaces of pieces of the 
dark-red or brownish-red variety. 

The majority of the pieces of burmite, and especially those which are semi- 
transparent and of a dark colour, exhibit under the microscope small roundish and 
longish, often elongated bodies, which are coloured more or less brown. These 
bodies owe evidently their origin to sap which exuded together with the resin from 
the mother-plant and, like the resin, became hardened during the process of fossili- 
sation. On viewing these structures, it frequently becomes clear that we have to 
deal with cavities the walls of which are lined with dried-up amorphous organic 
substance. The less a specimen of burmite contains of these by-products, the 
purer and prettier is its colour. 

During combustion, burmite emits a peculiar aromatic colour which attacks 
the mucous membrane of ^the nose and throat only slightly. The fusing- 
point could not be ascertained, because burmite begins to decompose before it 
kses. 

Already in my first report I have described the behaviour of burmite towards 
polarised light, and when subjected to dry distillation. The result of repeated 
experiments was the same. Again I asceitained the presence of formic acid in the 
distillate, as well as the absence of succinic acid. On the other hand, the aqueous 
portion of the distillate contained a small quantity of a substance which, from its 
chemical behaviour, I believe to be pyrogallol. The brownish- yellow empyreumatic 
oil, which distils over together with the aqueous portion, contains sulphur derived 
from the sulphur which forms a part of the organic substance of the resin. The 
resin itself contains o'o 1 3 to 0*021 per cent, of this chemically combined organic 
sulphur. 
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The ultimate composition of burmite, as evidenced by an analysis of the sub- 
stance, IS — 


Carbon 

Hydrogen 

Oxygen 

Sulphur 


80*05 

11*50 

8-43 

0*02 


Total . loo’oo 


I determined the specific gravity from recently received pieces; it lies between 
1*030 and 1*095. 

I have once more studied the behaviour of burmite towards solvents, using 
average samples. Alcohol dissolves 5-6*8 per cent. The solution is rendered 
turbid on addition of an alcoholic solution of lead acetate ; on warming, the liquid 
becomes gradually clear. Silver nitrate gives a white precipitate ; ferric chloride 
colours the solution yellow. Ether dissolves 2*4 to 4*2 per cent, of burmite; the 
solution leaves a light-yellow resin on evaporation. Chloroform dissolves 11*8 per 
cent, of the resin, petroleum naphtha 2*2 per cent,, carbon disulphide 4*6 per cent., 
oil of turpentine 18*5 per cent. The quantity of ash left by burmite on combustion, 
varies according to the purity of the substance ; the pure clear pieces leave 0*2 per 
cent., the turbid, red pieces 0*6 per cent. The ash consists of carbonate and sul- 
phate of lime and oxide of iron. Those pieces which are veiy turbid and full of 
impurities leave 4*6 per cent, of ash on combustion, which consists chiefly of fenic 
oxide. 

I have already, in my first report, described the behaviour of burmite towards 
strong mineial acids. On rubbing, it becomes strongly excited with negative 
electricity. 

According to what has been stated in the preceding account about the chemi- 
cal and physical properties of this resin, it is distinguished from succinite, the fossil 
resin of the Baltic, by the absence of succinic acid. From the other known amber- 
like resins of the group of the retinites, burmite is distinguished by its hardness and 
toughness, which render it fit for carving and turning ; further, by its chemical 
composition, its vivid colours, and its fluorescence. The latter property, burmite 
shares with the Sicilian Simetite^ ; but the latter is coloured still more vividly, es- 
pecially in red tints ; further Simetite is richer in organically combined sulphur and 
less resistant to solvents than burmite. From ambrite, which occurs in Auckland^, 
burmite is chiefly distinguished by its low percentage of oxygen and by its being 
but little soluble in carbon bisulphide. 

Wood or other vegetable remains may possibly be found in burmite, from 
which conclusions could be drawn as to the plants from which the resin exuded ; 
for the present we can only state that especially the typical biownish-red pieces of 
burmite include cloudy accumulations and grains, lying in cavities, of a substance 
which I consider as derived from the juices which, together with the resin, exuded 
from the mother-plant and which, with the resin, was subjected to the process of 
fossilisation. 

* Vide Mat^kigia^ anno /, fasc. //, 1886. 

* Vide Vethandh der, Ky JT. geology Roichsanst , Vienna^ 1861, p* 5, 
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Besides the fossil resin, of which the preceding is an account, I received from 
the Director of the Geological Survey of India two other samples, also found in 
Burma: — (i) one from Wuntho in the Shwebo district. This consists of pieces 
which are very brittle and have a golden-yellow or yellowish-brown colour. The 
resin is included in and respectively combined with, carbonaceous slate; (2) one from 
7 enangyat in the Pakoko district; it consists of small fragments which aie semi- 
transparent and of a reddish-yellow colour. Neither of these resins contains 
succinic acid ; whether they are identical with burmite, I was unable to ascertain, as 
the quantity at my disposal was not sufficient for complete examination. 

The Survey is greatly indebted to Dr. Helm for this and his previous contribution ; and 
for his thorough examination of the specimens of this new fossil resin which he has enabled us 
to add to the list of Indian mineral species. I am glad to see the ruby tint which I have 
already noticed as likely to give some specimens, when judiciously cut, of burmite a better 
character than is anticipated by Dr, Noetling, is also, distinguished as characteristic. I hope 
yet to give this charm of the stone some display in the Survey Museum.— 


4 

Note on the Alluvial deposits Subterranean water-supply of Rangoon, 
by R, D. Oldham, A.R.S.M., Superintendent^ Geological Survey of 
India. (With a map.) 

Attention has recently been drawn, in connection with the increase of the 
Water-supply of Rangoon, to a number of tube wells, sunk during the last few years 
in the premises of several of the mills of that city, some of which have yielded a 
useful supply of fresh water, while in others only brackish was met with. In many 
cases no record of what was passed through has been preserved, and in some it 
has subsequently been lost, but a sufficient number of sections have been preserved 
to make it worth while putting them on record. 

The borings are situated on or near the banks of the Rangoon river and the 
Poozoondoung creek, and lie in a roughly semicircular zone round the termination 
of the Pegu Yoma in the Shway Dagon pagada hill. The sections pre served all 
present the same type of structure ; the surface beds co nsist of the ** newer 
alluvium'^ of Theobald, characterised by its finer grain and generally bluish 
colour, while the lower part of the bore hole lies in the coarser grained “ older 
alluvium,” marked by its generally sandy or gravelly texture and buff or reddish 
colour. They are driven down to beds of gravel in which water of some kind, 
whether fresh or brackish, was obtained, but in interpreting the section it is neces- 
sary to bear in mind the process by which the wells were sunk. They are cased 
with iron piping of from 2^"^ to 4^ internal diameter, which was sunk by the 
simple process of forcing a stream of water down a smaller tube of from to 2^ 
bore, inserted in the centre of the outer casing. The stream of water ascending 
the annular space between the two tubes earned with it the material washed from 
the bottom of the bore, and so enabled the two tubes to be sunk simultaneously ; 
when the well was completed, the inner tube was withdrawn and a pump attached 
to the outer one. This process appears to be simple, inexpensive, expeditious, 
and effectual, though of course only applicable in soft and not too coarse grained 



C L Gnesloa Ot 


Gf Of OaiCAL SUKVEY OF IlJDl 


Paoici> .ol XXVI Ft 2 







ai-Oriesbach. GEOLOGICAL SURVEY'OI 



■mg distortio7i. of Rails caused fy Earthquake hetweeu. ScaTx.a.l & Old. Ch, 




// f 





PART 2.] Oldham : Alluvial Deposits of Rangoon. 65 

deposits, but it has an effect on the stuff washed out that must be allowed for. 
The stream of water which is sufficient to wash away fine clays or sands, would be 
insufficient to bring up coarse grit and small pebbles to the surface. Consequently 
if pebbles are mixed with fine sand or clayey matter, the stream, which has sufficient 
power to bring the pebbles to the surface, will wash away all the finer matter, and so 
what would seem to be a clean gravel, to judge from the washed material brought 
up, might really be a mixture of pebbles and clayey sand, of very little value as a 
source of water. 

A report on the bearing of my observations on the proposal to obtain an 
increased supply of water for the town of Rangoon by boring, has been submitted to 
the Rangoon Municipality, and need not be leproduced here in full, though the 
main points may be summarised. 

The question presents itself in two aspects, that of the quality and the quan- 
tity of the available supply. To take the latter first, all the wells on the 
Poozoondoung creek above Messrs. Zaretskey Bock & Co.'s mill have yielded 
fresh water of excellent quality, while all those lower down have only given more or 
less brackish water. It so happens that just where the limit between the fresh and 
brackish wells lies, there are some lateritic rocks exposed in the Poonzoondoung 
creek at low water, and these have been supposed to mark the crest of a ridge of 
rock, separating the fresh water, whose source is supposed to lie to the north, from 
the brackish water to the south. It is needless to say that this is not so. There is 
nothing to show that the water bearing gravels are not continuous underground, 
while there is every indication that they aie so, and that there is a continuous out- 
flow of water from the outcrop of the gravels to the sea. The lateritic rocks in the 
Poozoondoung creek doubtless indicate an outcrop of the older alluvial gravels 
and as we know that they rise to the surface just across the Pegu river, they are very 
probably exposed in its bed. Here the salt water would obtain access to the water 
bearing gravels, and the internal movements set up by the variations of pressure 
due to the rise and fall of the tide, causes a contamination, which extends as far 
towards the original source of the water as the outward flowing current will allow. 
That this is the true explanation of the salinity of some of the wells is shown by 
the recurrence of fresh water wells up the Rangoon river as soon as they come 
within the influence of the more extensive collecting ground on the western side 
of the termination of the Pegu Yoma ; the brackish wells being not only close 
to where salt water can get access to the gravels, but opposite the comparatively 
limited collecting ground at the termination of the Yoma. It may, therefore, be 
confidently predicted that wells sunk to strike the same gravels further to the 
north, that is further away from the outlet to the sea and more within the 
influence of the principal collecting ground, will be certain to find fresh water. 

The quantity procurable from each well is a much more doubtful matter. 
The yield of the existing wells varies from 2,500 to 70,000 gallons a day, in no 
case was it anything like the full amount that the tube was capable of discharging ; 
in every case but one, where the trial had not been made, I was informed that more 
vigorous pumping did not appreciably increase the dischage. We may consequeutly 
take it that the amount obtained from the wells is the maximum they are capable 
of yielding, and as the yield of different wells varies very much, one of the poorest 
being found within a few hundred feet of one of the richest, it seems that the 
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gravels are subject to local and capricious variations of permeability which makes 
it impossible to anticipate a large average yield in so many wells as would have to 
be sunk to obtain the amount required for the supply of Rangoon. 

‘The wells that have been sunk so far are not artesian, the natural water-level 
in them is from 5 to ii feet below the surface of the ground. They are indeed 
situated so close to the outlet of the water in the gravels to the sea that it would be 
impossible for there to be any pressure sufficient to force the water above the 
surface. This has the effect of diminishing the effective pressure in the well and 
consequently its yield. Possibly artesian conditions might be found further inland, 
where there is a greater resistance to be encountered between the point where the 
well is sunk and the outlet to the sea, and if so a larger supply would be obtained 
by pumping, though the elevation of the outcrop of these gravels is so small that no 
very great increase of pressure, and consequently of yield can be expected from 
this cause. A large number of wells will, therefore, have to be sunk if the requisite 
supply of water is to be obtained, and it seems probable that, when the estimates 
are made out, it will be found that the cost will be nearly if not quite as great as for 
the construction of a storage reservoir, while the cost of maintenance and uncer- 
tainty of success will be much greater. 

Appendix No. i. ’^Detailed sections of horings. 

Most of these sections have been preserved in glass fronted boxes, in which the 
different layers are arranged one above the other. In some cases this has been done to 
scale, and there was no difficulty in determining the depths and thicknesses, in 
others no fixed scale was followed, and the depths are indicated by paper slips 
affixed to the glass ; a much inferior plan for when, as has sometimes happened, any 
of these labels have peeled off, it is impossible to determine the trae thickness of 
some of the layers. Where I have not seen the specimens, or none have been 
preserved, the section is given by repute. The term grit is used to indicate a 
texture intermediate between that of sand and of gravel, the limits of size of the 
individual grains may be taken as ^ and | inch. The horizontal line indicates 
the base of the newer alluvium. 

No. I, Mohr Bros. 

There are two wells, the section of the deepest is — 

0—109 fine grey clayey silt. 

109 — 136 „ fine grey sand. 

136—180 „ grey clayey silt. 

180—190 „ yellowish sand (silt of the newer alluvium mixed with sand 
grains of the older). 

190—210 ft. sand, 

210 — ^220 „ fine gravel ranging to diameter. 

220—270 „ coarser gravel, some pebbles as much as an inch in diameter. 

below 270 feet, yellow sand again* 

No, 2. Balloch Bros. & Co. 

One well, section said to be — 

0—90 ft. clay, 

90—96 „ sand. 

96—220 „ clay. 

220—240 „ yellow sand and gravel. 
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No. 3. Dickmann Barkhausen & Co. 

One well, 242 feet deep. No record. 

No. 4. Steel Bros. & Co. Upper mill. 

Two wells, 50 feet apart. There is a distinct difference in the water of the 
two. One contains a small proportion of oily matter, piobably petro- 
leum, which floats on the surface of the water. Section — 

0 — 30 ft. fine brown silt. 

30 — 40 „ dirty yellowish sand. 

40— 60 „ grey sandy silt, 

60— 70 „ fine sand. 

70— 80 „ yellowish sand. 


80 — 85 ft. fine grey sand. 

85 — 100 „ brown earth. 

100— „ yellow sand* 

— 17s ,) coarse grit and sand. 

*75 — 190 ,) coarse grit. 

190—210 „ fine gravel. 

2x0—238 „ gravel ranging to 1/2 inch in diameter. 

No 5. Steel Bros, & Co. Middle mill. Section — 

85 ft. grey clayey silt, 

99 „ fine sand, 
xoo », grey sandy silt. 
u8 „ fine grey sand. 

122 „ grey sand with yellowish grains. 

130 „ fine grey silt. 

130— 14S ft. clean sand, 

*45 "“*50 coarse grit with some fragments ranging to % inch in 

diameter. 

*50- *55 grey silt. 

„ coarse sand mixed with small ferruginous concretions, 

160 — 176 „ fine clean sand. 

176— X 80 it fine reddish sand. 

180—190 » coarse sand. 

190— 19S „ medium grained yellow sand. 

195-^195 „ grit, 

’ 198—203 „ coarse grit with some larger fragments. 

203—229 „ gravel ranging to X inch. 

No* 6. Kruger & Co. 

Section lost. At about 250 feet, a large number of shells in a very good state 
of preservation and in some cases quite fresh looking were brought up. The forms 
are all marine littoral, comprising the genera, Cardium, Area, Venus, SeUn, be- 
sides fragments of polyzoa. The species appear to be living ones. 

No. 9, Zaretskey Book & Co. Section— 

o— 30 ft. grey silt. 

30— 42 „ fine brownish sand, 

42— 55 „ small ferruginous concretions. 


o— 

85 - 
99 — 
too— 
X18— 
122— 
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55 — 1 25 ft grey clayey silt. 
123 — 217, grey sand. 


217—220 ft sub-angular gravel. 

220 — 249 }, fine pale buff sand. 

249 — 254 ,, pale yellow sand. 

254—257 „ coarse grit and sand. 

257 — 289 ,, pale yellow sand. 

289— „ coarse grit and sand. 

Through the courtesy of the proprietors this well was pumped for me with an 
open mouth. It was found that the well gave 1,200 gallons an hour with a lower- 
ing of the surface level of 8 feet. 

No. 7, Steel Brothers & Co. Lower mill. 

No record except that the water was brackish. 

No. 8. Ro\^ett & Co. 

Two wells were sunk, both were failures. No further record. 

No. 10. Bulloch Brothers & Co. Section — 

o — 25 ft. fine clayey silt. 

25 — 52 „ fine sandy silt. 

52 — 70 ,j fine grey sand. 

70 — 108 „ silt. 

108— 118 „ fine grey sand. 

n8— 170 „ alternations of more or less sandy and clayey silt. 

170 — 256 „ grey sand of various shades. 

256—265 „ grey sand witli some yellow grains. 


265—275 ft. yellow sand. 

275—282 „ grit. 

282—302 „ sharp yellow sand. 

302 — 320 „ gravel ranging to X inch. 

No. II. Arracan Co. 

Two wells sunk to 340 and 245 feet; water bad. No further record. 
No. 12. Arracan Co. 

One well of 140 feet. Water not good. No furthei record, 

No. 13. Victoria Oil works. Section — 

o— 20 ft. grey clayey silt. 

20— 80 „ ‘fine grey sand. 


80 — 100 ft yellowish sand. 

100— 120 „ fine sub-angular gravel. 

120 — 134 „ pepper and salt grey sand. 

134 --ISS sand with small pebbles. 

155— 190 „ sand. 

190—215 „ small sub-angular gravel. 

215—218 „ sand. 

218—230 „ gravel mostly smaP, imperfectly rounded, with some fragment* 

of X inch across. 

230—236 „ fine sand. 

236—240 „ gravel as before. 

240—250 „ l,fine, grey sandy silt. 

250—257 „ coarse grit. 
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237 — 265 ft. fine white sand. 

265—273 „ sand and grit, 

273 — 276 „ white sand. 

276 — 279 „ white grit. 

279— » gravel, ^ to ^ inch. 

No. 14. Irrawady Flotilla Co. 

One well of 170 feet, water brackish. No further records. 

No. 15. McGregor Brothers & Co. 

Section said to be — 

o— 50 ft. blue clay. 

50— 62 „ red clay. 

62 — 96 „ sand. 

96—224 „ gravel, then sand and thin beds of white clay. 

224—228 „ gravel. 

No. 16. Foucar Brothers & Co. 

No record. 

No. 17. Bulloch Brothers & Co. Section — 

O — 30 ft. brownish silt. 

30— 43 » grey silt. 

43 — 62 ft. brick red clayey matter (soft laterite ?) 

62— 68 „ fine buff sand. 

68— 75 „ fine pale greyish sand. 

75—110 „ yellow sand, 

1x0—130 ,f clean sharp sand. 

130—148 „ grit. 

148—161 „ yellowish sharp sand. 

161—165 „ fine brown sand. 

165 — 17X „ coarse sand. 

171—180 „ coarse sub-angular grit. 

180—183 „ gravel up to an inch in diameter. 

No. 18. Heatherington Gray & Co. 

One well of 250 ft. Water bad ; no record. 

No. 19. Mohr Brothers & Co. Section^ — 
o— ft. fine grey silt. 

— 196 „ grey silt mixed with grains of reddish sand. 

196— ft, grey sand with some small pebbles, 

—2X0 „ clean yellow sand. 

210— 2X$ M 

215— >1 small gravel 

—224 coarse grit. 

224—230 „ fine grit and coarse sand* 

230—342 sub-angular gravel ranging to X 
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Appendix No. 2. — Analyses of water from the wells ^ by the Chemical 
Examiner to the Burma Government. 


No. OF WELL. 

Total solids. 

Chlorine, 

Free 

Ammonia. 

Albuminoid 

Ammonia. 

Grains per gallon, 

Parts per million. 

No. I 





83 

•s 

•ox 

•00 

No. 2 

• 




12*6 

4 'i 

•27 

•02 

No. 3 

9 


ft 



43 

•II 

*00 

No. 4 

9 


• 


i 6-8 

3*9 

•16 

•04 

No. 5 

9 


• 


S 3 

*3 

•02 

•01 

No. 6 

« 



ft 

88 

37 

•24 

•08 

No. 9 





57 

7 

•02 

•01 

No. 11 

• 



• 

2324 

1086 

•52 

... 

No. 12 



« 

ft 

1253 

49-0 

•40 

*20 

No. 13 

4 



« 

77 

'S 

*03 

•02 

No. 16 

ft 




67 

■3 

•04 

•02 

No. 17 





633 

7 

•03 

•02 
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GEOLOGICAL SURVEY OF INDIA DEPARTMENT. 

TRI-MONTHLV NOTES, 

No. 15.— Ending 30TH April 1893. 


Director's Office^ Calcutta^ 30th April iSpj. 

A slight change in the posting of the officers during the present season has 
been made owing to the desire of the Baluchistan Agency for a more detailed sur- 
vey of the coal outcrops in what has come to be called the Quetta coalfield, which 
lies in the Spin Karez; L^s, and As Tangi valleys of the hill range to the east and 
south-east of that town. Mr. Dallas Edwards, on completion of his construction 
of a map of the Bhaganwala coal-field in the Salt Range under Mr. T. D. 
LaTouche, was transferred to Mn Griesbach's survey party in Baluchistan. 

Mr. R. D. Oldham was deputed for a short time to Upper Burma at the end of 
March. In the course of a short visit to the Yenang-young oilfield it was found 
that the outcrop of the ferruginous band mentioned in Dr. Ndetling’s report runs in 
a closed oval round the oilfield, and that the productive area is confined to the 
highest portion of a rise in the crest of the anticlinal The oil appears to have 
been concentrated in a small area whose limits have already been very nearly de- 
fined, and there is no reason to expect any important extension of the area of this 
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oilfield, though others will very probably be discovered in course of time. The 
marked diminution in the yield of the deeper native wells between the dates of Dr. 
Noetling^s two reports, which was supposed to indicate an exhaustion of the field, 
was found to be partly due to a gradual silting up of the wells and consequent 
apparent diminution of their depth. This filling up has the natural effect of dimi- 
nishing the yield of oil, and there did not seem to be any means of determining 
how far the apparent exhaustion of the deeper wells was due to this cause, and how 
far it was due to a progressive exhaustion of the oilfield. Even if the oilbearing 
sandstones tapped by the native wells are being exhausted, there seems still a 
large supply to be procurable by deeper borings, which tap a different series of oil 
sands. 

An investigation was also made into the proposal made by Dr. Pedley to obtain 
the required increase of water-supply for Rangoon by borings instead of a storage 
reservoir. A special report was submitted to the Burma Government, and a short 
paper dealing with the principal points is published in this number of the 
Records. 

The Director was on tour in the Punjab from the i8th March to the loth of 
April in connection with the proposed speculative boring for oil at Sukkur on the 
Indus, and at the Bhaganwala coalfield in the Salt Range. The Sukkur boring 
still waits arrangement for utilization of the oil-well machinery and plant used at 
the now discontinued oil operations in Baluchistan, and the securing the services 
of a Canadian well driller. 

The closer examination of the Bhaganwala coalfield by boring under the 
conduct of Mr. LaTouche is still proceeding, but a visit to the old workings of the 
eastern end of the field, which have been considerably extended by drifting 
made under direction of Mr. H. Luckstedt, Executive Engineer of the North- 
Western Railway Administration, show that a much larger area of the coal seams, 
with an average thickness of 3I feet, can be worked out than was anticipated. 
The continuity of the coal in uniform quality cannot be so safely estimated owing 
to the presence of thin laminae of sand which are very variable in their extent 
and thickness. Over 100,000 tons are estimated as available at this extreme 
eastern end, to which some considerable additions may be made for a mile further 
westward, but the main area of presumed coal under the Ara plateau further west 
presents so many evidences of thinning out of the seams that it would be rash in 
the extreme to foretell anything regarding it until the test borings have been 
completed. 


List of assays and examinations made in the Laboratory^ Geological 
Survey of India^ during the months of February^ March and April 
1893. 


StjBSTAMCB. 

For whom. 

Result. 

3 specimens of coal • 

Finlay, Muir and Co., 
Calcutta* 

Proximate analysis. 
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List of assays and examinations made in the Laboratory ^ Geological 
Survey of India^ during the months of February^ Mar chi April 

i8g3 — continued. 
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List of assays and examinations made in the Laboratory y Geological 
Survey of India^ during the months of February y March and April 
concluded. 


SUBSTANCB. 


For whom. 


Result. 


No. “7” 

Quantity received , « 

ixi oz. 

Moisture . 4 . 

6-6o 

Volatile matter . 

34*14 

Fixed carbon . 4 

52-32 

Ash . . • . 

7*04 

Ash— light reddish gray. 
Does not cake. 

100*00 


No. “8,’* 


Quantity received . 

. 9f oz. 

Moisture • , 

. 8*28 

Volatile matter • 

. 3^*14 

Fixed carbon 

* 4858 

Ash , . • 

. 7*00 

Ash — dirty gray. 

Does not cake. 

1 00*00 


No. “9.»* 

A compact granitic looking rock, com** 
posed of quartz, pUgiociase felspar, 
smaller quantities of ortboclase, horn-» 
blende passing into chlorite and mag. 
netite. The quartz occurs in granular 
crystals, and some of it is secondary. 
In classiBcation the rock may be 
placed between the granitites and 
quartz diorites. 

Specific gravity 270. 

No. “ 10.” 

Decomposed steatic rock. 


One specimen of coal, 
from Hernia Chang, 
Mcrgui District, Burma, 


P, N. Bose, Geological 
Survey of India, 


Quantity received 

Moisture . • 

Volatile matter . 

Fixed carbon * 

Ash . • . 


5 lbs, 

t6‘40 

3S’08 

44'24 

4*28 


XOO'OO 

Ash— light buff. 

Cakes, bur not strongly. 


A specimen of clay for de- Burn h Co.* y, Hastings 
termination. Street. 


Indurated pipe-clay with quartz frag- 
ments. 
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Notification by the Government of India during the fHonths of February^ 
Marchf and April published in the Gazette of India/' Part 
/. — L eave. 


Department. 

No. of 

order and date. 

Name of officer. 

Nature of 
leave. 

With effect 
from 

Date of 
return. 

RsMAkK. 

Revenue and 
Agricultural 
Department 

1^3, Surveys, 
dated i6th 
March X893. 

R. D. Oldham. 

Furlough. 

I St May 
1893, or 
subse- 
quent datei 

• 4* 

«•« 

Ditto 

Surveys, 
dated 16th 
March 1893. 

Theo W. H. 
Hughes. 

Ditto . 

26th Janu* 
j ary 1893. 

• U 

««• 


Notifications by the Government of India duHng the mdntks of Febru* 
ary^ March, and April published in the Gazette of India/’ 

Part L-^Appointment, Confirmation, Promotion, Reversion and 
Retirement. 


Department. 

No. of 
Order 
and date. 

t 

] 

Name of 
ofiicer. 

From 

To 

Nature 

of 

appoint- 

ment, 

etc. 

! 

With 

effect 

from 

RsMAkK, 

Revenue and 
Agricultu- 
ral Depart- 
ment, 

SUr- 
veys, dated 
20th April 
1893. 

t. H. D. La 
Touche. 

Deputy 

Superin- 

tendent. 

Officiating 

Superin- 

tendent. 

Acting, 
tempo- 
rary. 1 

26th 

January 

1893. 



"Postal and Telegraphic Addresses of Officers. 


Name of officer. 


Postal address. 


Nearest Telegraph Office, 

T. W Hughes . 

C. L. Griesbach . 

* h 


On furlough, 

Hindu Bagh (Baluchistan 

. 

Quetta. 

Calcutta, 

R. D Oldham . 

« « 


Calcutta • 



P. N. Bosb 

« • 

« 

ft 



«> 

T* H, D. LaToucHe 

« • 

* 

Haranpur 



Haranpur. 

C. S. Middlemiss 

* « 

» 

Abbottabad 



Abbottabad, 

T. H. Holland 

• * 


Calcutta • 



Calcatta. 

W. B. D. Edwards 

• * 


Quetta 



Quetta, 

F. H. Smith 

• * 


ReWa • 



Rewa 

)P. N. Datta 

* h 

• 

Calcutta * 


• 

Calcutta. 

F. Nostlimg 

• • 


Wuntho . 



Wuntho. 

HiRA Lal . < 

« u 

* 

Abbottabad 



Abbottabad. 

Kishen Singh . 

• « 

• 

Rewa 



Rewa. 
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Donations, to the Museum^ 


DONATIONS TO THE MUSEUM. 

From ist February to 30TH April 1893. 

18 specimens of minerals, consisting of Datholite on greenstone, from Bergen Hill, New 
Jersey j Colemanite with tabular Celestine, from San Bernardino Co., California 5 
Bournonite, from Cornwall ; Adamine, from Pamarisa, Lauiium, Greece; Galena* 
from Alston, Cumberland ; Topaz, from San Luis, Potosi, Mexico; Witherite with 
Bromlite, from Fallowfield Mine, Hexam, Northumberland; Anatase, from Binn, 
Wallis, Switzerland; Melanophlogite, from Girgenti, Sicily; Fluor, from Weardale, 
Durham; Dyserasite, from Andreasberg, Harz; Phenacite, from Mount Antero, 
Chaffee Co. Colorado ; Chessylite, from Copper Queen Mine, Arizona ; Rubellite, 
from California ; Microcline, from Pike’s Peak, Colorado ; Calcite, from Bigrigg 
Mine, Egremont, Cumberland; Agate, from Uruguay, South America; and Barytes, 
from Buckingham Co., Virginia. 

PRESENTTD BY THE TRUSTEES OF THE BRITISH MuSEUM, LoNDON. 

Specimens of Bryozoa and Lamelli branches from a well 250 feet below the surface, 
Poozoondoung, Rangoon. 

Presented by Kruger & Co., Rangoon, 


ADDITIONS TO THE LIBRARY. 

From ist January to 31ST March 1893. 

TiiUs of Books* Donors^ 

Allen, vff.— Commercial Organic Analysis : a treatise on the properties, [proxi- 

mate analytical examination, and modes of assaying the various or- 
ganic chemicals and products employed in the arts, manufactures 
medicines, etc , with concise method for the detection and determination 
of their impurities, adulterations, and products of decomposition, 
Vol. Ill, pt. 2. 8° London, 1892. 

Bronn’s Klassen und Ordnungen des Their-Reichs. Band III, lief, 2, and IV, lief# 
24-27. 8° Leipzig, 1892. 

CuRZON, Goovge i\^.— Persia and the Persian Question. Vols, I and II. 8° London, 
1892, 

Dana, E* ♦$*.— The System of Mineralogy. 6th Edition. 8^ Loudon, '‘1892. 

DeiCH MULLER, F,— Uebbr Gefasse mit Graphit-Maleri aus sachsischen Urnenfel* 
dern. 8® Pam, Dresden, 1890. The Author, 

Hatch, F. H* — Text-Book of Petrology, containing a description of the rock-forming 
minerals and a synopsis of the chief types of igneous rocks, 
London, 1892. 

H6fer, Das Erdol (Petroleum) und seine Verwandten. 3 ® Braunschweig, 

1888. 

Ihlsing, M* C*.— a Manual of Mining. 8® Newyork, 1892. 

Johnston, H. /if.— The Kilima-Njaro Expedition. 8® London, 1886. 

Lyman, Benjamin S'jwf/A.— Shippen and Wetherill Tract, with a geological and topo- 
graphical map. 8® Pam. Philadelphia, 1893. The Author* 


D 
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TV ties of Boohs, Dono r$, 

Pal^ontologie Fran^aise, i^* s 4 rie, Animaux Invertebr^s. Terrains Tertiaries, Eocene 
fichinides. Livr. 28. 8° Paris, 1892. 

Stefanescu, Prof . Gregor ie , — On the existence of the Dinotherius in Roumania. 8° 
Pam. Roumania, 1891. The Author. 

Strippelmann, Leo . — Die Petroleum -Industrie Oesterreich-Deutschlands. Abth. I-IU. 
8° Leipzig, 1878-1879. 

Toula, Prof. Dr. Neure Erfahrungen Uber den Geognostischen Aufbau der, 

Erdoberflache. 8° Pam. Wien, No date. The Author, 

Tryon, George IF.— Manual of Conchology. Vol. XII, part 54, and 2nd series, Vol. VI, 
part 30. 8° Philadelphia. 1892. 

Wallace, Alfred Russel . — The Geographical distribution of animals, Vols. I-II. 8® 
London, 1876. 

Watt, George,'^h Dictionary of the Economic Products of India, Vol. VI, Part i. 

8° Calcutta, 1892. Government of India. 

ZiTTEL, Karl A . — Handbuch der Pal?eontologie. Band IV, Abth. I, lief i. 8° Mun- 
chen, 1892. 


PERIODICALS, SERIALS, etc. 

American Geologist. Vol. X, Nos. 4-5, 8° Minneapolis, 1892. 

American Journal of Science. 3rd series, Vol. XLIV, No. 264 to XLV, No. 267. 
New Haven, 1892-1893. 

American Naturalist. Vol. XXVI, No. 312. to XXVII, No. 314. 8° Philadelphia, 
1892-1893. 

Annalen der Physik und Chemic. Neue Folge, Band XLVII, heft 4, and XL VIII, 
heft 1-2. 8° Leipzig, 1892-1893. 

Annals and Magazine of Natural History. 6th series, Vol. XI, Nos- 61-63. 8® London, 
1893. 

Athenseum. Nos. 3398-3411. 4° London, 1892-1893. 

Beiblatter zu den Annalen der Physik und Chemle. Band XVI, Nos. 11-12, and XVII, 
Nos. 1-2. 8® Leipzig, 1892-1893. 

Beiblatter zu den Annalen der Physik und Chemie. Namenregister zum 1-15. Bande 
(1877-1891). 8° Leipzig, 1893, 

Chemical News. Vol. LXVI, No. 1723 to LXVII, No. 5737. 4^^ London, 1892-1893. 

Colliery Guardian. Vol LXIV, No. 1667 to LXV No. i68p. Eol. London, X892-1893, 

Geographische Abhandlungen. Band V, heft 1-2. 8® Wien, 1891. 

Geological Magazine. New series, Decade III, Vol IX, No. 12, and X, Nos. 1-3. 8® 
London, 1892-1893. 

Indian Engineering, Vol. XII, Nos. 26-27, and XIII, Nos. 1-121 and Index to Vol. 

XII. Fisc, Calcutta, 1892-1893. Pat Doylb. 

Iron. Vol XL, No. 1038 to XLI, No. 1052. Fol. London, 

London, Edinburgh and Dublin Philosophical Magazine, and Journal of Science. 5th 
series, Vol XXXV, Nos. 212-214. 8® London, 1893. 

Mining Journal Vol LXII, No. 2989 to LXIII, No. 3002. Fol London, 1892-1893, 

Natural Science. Vol. I, No. 9, to II, No. n. 8® London and New York, 1892-1893. 

Nature. Vol XLVU, Nos, 1206-^219. 4® London, 1892-1893. 

U 



PART ^.] 


Additions to the Libraf^yt 


Titles of Books. Donors. 

Neues Jahrbuch fur Mineralogie, Geologie, und Palaeontologie. Band II, heft, 3 {1892}, 
and Band t, heft i (1893). 8“ Stuttgart, 1892-1893. The Editor. 

Neufes Jahrbuch fur Mineralogie, Geologie und Palaeontologie. Beilage-Band VIII, heft 
2. 8^ Stuttgart, 1892. 

Oil and Colourman’s Journal. VoU XIV, Nos. 149-151. 4® London, 1893. 

Palseontographica. Band XXXIX, lief. 4-6. 4° Stuttgart, 1892. 

Petermann’s Geographischer Mittheilungfen. Band XXXVIII, No. 12, and XXXIX, 
Nos. x-2. 4® Gotha, 1892-1893. The Editor. 

Scientific American. Vol. LXVII, Nos. 22-27, and LXVIII, Nos. i-8* Fol. New 
York, 1892*1893. 

Scientific American. Supplement, Vol. XXXIV, No. 882 to XXXV, No. 895. Fob 
New York, 1892-1893. 

The Indian Engineer. Vol, XIV, No. 298 to XV, No. 31 1. Fol. Calcutta, 1892-1893. 

J. McIntyre- 

The “ Pioneer.” New series, 1st edition, Vol, XCIII, Nos. 9925-10001. Fol^ 
Allahabad, 1893. 

Tschermak^s Mineralogische und Petrographische Mittheilungcn. Neue Folge., Band 
XII, heft. 6. 8® Wien, 1892. 

Zoological Record. Vol. XXVIIl, 1891* S'* London, 1892* 


government SELECTI 0 NS> reports, etc. 

Ass\m. — Report on the Administration of the Province of Assam for the year 1891-92. 

Fisc., Shillong, 1892. Chief Commissioner op Assam. 

Bengal. — Report on the Administration of Bengal for 1891-92. Fisc. Calcutta, 1892. 

Government of Bengal. 

Bom Ray.— Report on the Administration of the Bombay Presidency forthe year iSpi-ga* 
Fisc. Bombay, 1892* Bombay Government* 

„ Selections from the Records of the Bombay Government. New series, Nog. 

254, 2do and 264, Fisc. Bombay, 1892. Bombay Government. 
Burma. — Report on the Administration of Burma during 1891-92. Fisc. Rangoon, 1892. 

Chief Commissioner of Burma. 
Central Pro viNCES,*—Report on the Administration of the Central Provinces for the 
year 1891-92. Fisc. Nagpur, 1892. 

Chief Commissioner, Central Provinces* 

Hyderabad.— Report on the Administration of Hyderabad Assigned Districts for 1891- 
92. Fisc. Hyderabad, 1892. Resident, Hyderabad, 

India,— Administration Report on the Railways in India for 1891-92* Part IF. Fisc*, 
Calcutta , 1892 Government of India. 

India.— Census of India, 1891* 

Vols. I-IL— Assam. 

„ VL— Berar, or the Hyderabad Assigned Districts. 

„ VII-VIIl.— Bombay and its Feudatories^ Parts 1-2. 

„ IX-X— Burma, Parts, 1-2. 

„ XIX-XXL— The Punjab and its Feudatories, Parts 1-3* 

„ XXVL—Raiputana, Parts 1-2. 

Fisc. Shillong, Calcutta, Bombay, and R^mgoon, 

* Revenue and Agricultural Department* 

13 
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Titles of Booh. Donors. 

Indu.— India Weather Review, Annual Summary, 1891. 4° Calcutta, 1892. 

Meteorological Reporter to Government or India. 

,, Monthly Weather Review, July to October 1892. 4® Calcutta, 1892-1893. 

Meteorological Reporter to Government of Indias 

„ Indian Meteorological Memoirs. Vol. V, Pait 2. 4® Calcutta, 1892. 

Meteorological Reporter to Government op iNDtA.^ 
„ Quarterly Indian Army List. New Series, No. 14. 8® Calcutta, 1893. 

Government of Indian 

„ Register of Original Observations, 1 educed and corrected, June to October 1892. 
4® Calcutta, 1892. 

Meteorological Reporter to Government op India. 
Madras.— A Collection of Treaties, Engagements and other papers of importance rela- 
ting to British affairs in Malabar. Edited with notes by W. Logan* 
2nd Edition. S® Madras, 1891. Madras Government, 

„ Annual Administration Report of the Forest Department, Madras Presi- 
dency, for the year 1891-92, Flse., Madias, 1892. 

Madras Government. 

„ Report on the Administration of the Madras Presidency during 1891 "<92^ 
Fisc., Madras, 1892. Madras Governm ent- 

Pun JAB*— Final Report of the Revised Settlement of the Jullundur District in the Punjab. 
By W. E. Purser, B. C. S. Fisc, Lahore, 1892. 

Punjab Government, 

„ Report on the Administration of the Punjab and its Dependencies for 1891-92* 
Fisc. Lahore, 1892. Punjab Government* 


TRANSACTIONS, PROCEEDINGS, etc., OF SOCIETIES, SURVEYS, etc. 


ADELAiDE.-Transactions of the Royal Society of South Australia. Vol. }^., pt. 2, and, 
XVI. pt. I. 8» Adelaide. 1892. The Society. 

BaETiMoaE.-Johns^Hopkms « Circulars. Vol- XH. 

BATAViA.-Notulen van het Bataviaasch Genootscbap van Kunsten en Wetenschappen. 

Deel XXX, Afl. 3*4 8° Batavia, 1892-1893. Batavian Society. 


„ Tiidschrift voor Indische Taal-Land-en Volkenkunde. Deel XXXV, afl. 5-6, 
” and XXXVI, afl 2-3 8° Batavia, 1892-1893, Batavun Society. 

Belbast.— Report and Proceedings of the Belfast Natural History and Philosophical 
Society for the Session 1891*92. 8° Belfast, 1893. The SociSTy. 
BERUS.-Sitzungsberichte der Konig. Preuss. Akad. der Wissenschaften. No^ 26—40, 

8 * Berlin, 1892. The Academy. 

Zeitschrift der Deutschen Geologischen Gesellschaft. Band XLIV, heft 3- 
6* Berlin, 1892. _ The Society. 

Bombay.— Journal of the Bombay Natural History Society. Vol. Vll, No, 3, 8“ 
Bombay, 1892. The Society- 

Boston*— P roceedings of the American Academy of Arts and Sciences. New Series, 
Vol, XVII. 8“ Boston, 1891. The Academy. 


>4 
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Titles of Boohs, DonofS, 

Buenos Aires,— Boletin de la Academia Nacional de Cienciasen Cordota. Tomo X., 
No 4, and XI, No. 4. 8° Buenos Aires, 1889-1890. The Academy. 

CALCUTTA^—Epigraphia Indica of the Archaeological Survey of India, Vol. II, part 12* 

4° Calcutta, 1893, Government of India. 

„ Journal of the Asiatic Society of Bengal. New series, Vol LXI , Part I, 
No. 3, and LXI, Part II, No. 3 8*^ Calcutta, 1892-1893. 

The Society. 

„ Proceedings of the Asiatic Society of Bengal. No. 9. 8® Calcutta, 1892. 

The Society. 

,5 Records of the Geological Survey of India. Vol. XXV, pt. 4. 8® Calcutta, 
1892. Geological Survey of India* 

„ Survey of India Department Notes for November 1892 to February 1893 
Fisc. Calcutta, 1892-1893. Survey op India Department. 

Cambridge, Mass.— Annual Report of the Curator of the Museum of Comparative 
Zoology for 1891-92. 8® Cambridge, Mass., 1892. The Museum. 

„ Bulletin of the Museum of Comparative Zoology. Vol. XXIII, 

Nos. 4-5. 8° Cambridge, Mass., 1892. The Museum. 

Cassel.— Mittheilungen aus dem Koeniglichen Mineralogisch-Geologischen und Prse-His- 
torischen Museum in Dresden. Heft, 10. 4® Cassel, 1892. 

The Museum. 

Cincinnati.— Journal of the Cincinnati Society of Natural History. Vol. XV, No. 2. 8® 
Cincinnati, £892. The Society. 

Colombo.— Journal of the Ceylon Branch of the Royal Asiatic Society. Vol. XI, No. 39* 
8® Colombo, 1892. 

Dehra Dun.— Synopsis of the results of the operations of the Great Tngonometrical 
Survey of India. Vols. XXVIII and XXX. 4° Dehra Dum, 1892. 

Great Trigonometrical Survey of India. 

Dublin.— Proceedings of the Royal Irish Academy, 3rd series, Vol. II, No. 3. 8® 
Dublin, 1S92. The Academy. 

„ Transactions of the Royal Irish Academy. Vol. XXX, pts. 3-4, 4° Dublin, 
1892-1893. The Academy, 

Edinburgh,— Proceedings of the Royal Society of Edinburgh. Vol. XVIII. 8® Edin- 
burgh, 1892. The Society. 

„ Transactions of the Royal Society of Edinburgh. Vol. XXXVI, Parts 11 , 
No. 9 to III, No. 23. 4® Edinburgh, 1891-1892. The Society. 

„ Scottish Geographical Magazine. Vol. VIII, No. 12, and Index ; and 
IX, Nos. 1-5. 8® Edinburgh, 1892-1893. 

Scottish Geographical Society. 

Frankfort.— Abhandlungen von der Senckenbergischcn Naturforschenden Gesells- 
chaft. Band XVIII, heft i. 4® Frankfort-a-m , 1892, 

Freiburg.— Berichte der Naturforschenden Gesellschaft zu Freiburg. Band VI, heft 
1-4, 8® Freiburg, 1891-1892. The Society. 

Glasgow.— Proceedings of the Philosophical Society of Glasgow. Vol XXIII, and 
Index to Vols. I-XX. 8® Glasgow, 1892. The Society. 

Gottingen. — Abhandlungen der Konig. Gesellschaft der Wissenschaften zu Gottingen. 

Band XXXVHL 4® Gdttingen, 1892. The Society* 

»5 
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titles cf Boohs* Donors 

Lausanne. — Bulletin de la Soci^t6 Vaudoise des Sciences Naturelles. sdrie, Vol. 

XXVIIIi No. 108. 8® Lausanne, 1892. The Society. 

Li%e. — Annales de la Societe Gdologique de Belgique. Tome XVIII, livr 3, and XIX, 
livr4. 8® Li^ge, 1891-1892. The Society. 

Lisbon.— Cotnmunicacoes da Comtnissao dos Trabalhos Geologicos de Portugal. Tome 
II, fasc. 3. 8 ® Lisboa, 1892. The Commission. 

i-ivER POOL.— Proceedings of the Liverpool Geological Society. Vol. VI, pt. 4. 8® 
Liverpool, 1892. The Society. 

London.— First Report of the Royal Commission on explosions from coal dust in 
Mines 5 with Minutes of evidence and Appendices. Fisc. London, 
1891- Revenue and Agricultural Dept. 

55 Journal of the Chemical Society. Nos. 361-362 ; and Supplementary number 
containing Title-pages, Contents, and Indexes to Vols. LXI-LXII. 
8® London, 1892-1893. 

55 Journal of the Society of Arts. Vol. XLI, Nos. 2090-2103. 8® London, 
1893-1893. The Society. 


55 Proceedings of the Royal Geographical Society. New series, Vol. XIV, Nos. 

10-12. 8® London, 1892, The Society. 

5, The Geographical Journal, including the Proceedings of the Royal Geogra- 
phical Society. Vol. I, Nos. 1-3, 8® London, 1893. The Society. 

« Proceedings of the Royal Society. Vol LI, No. 314 to LII, No. 316. 8® 
London, 1892, The Society. 

» Quarterly Journal of the Geological Society. Vol. XLIX, No. 193. 8° 
London, 1893, The Society. 


« Special Volume of Proceedings of the Iron and Steel Institute in America 
in 1890. 8® London, 1890. The Institute. 

MANCHESTER.-Memoirs and Proceedings of the Manchester Literary and Philosophi- 
cal Society. 4 series, Vol. VI. 8® Manchester, 1892. The Society. 

Manchester Geological Society. Vol. XII, pts» 2-3. 
8° Manchester, 1893. The Society. 

MiLANo.-Atti ddk Societa Italiana di Scienze Naturaii. Vol. XXXIV, fasc. i. 8’ 
Milano, 1892. Thb Society. 

otfTREAi. Proceedings and Transactions of the Royal Society of Canada for the 
year 1891. Vol. IX. 4® Montreal, 1892. The Society. 

Naples.— Rendiconto dell* Accademia delle Scienze Fisiche e Matematiche. 2* s6rie, 

Vol. VI, fasc, 7-12, and VII, fasc. 1-2. 4® Napoli, 1892-1893. 

The Academy. 

Newcastle-upon-Tyne.— Transactions of the North of England Institute of Mining 
and M^hanical Engineers. Vol XXIX, pt. 3 5 XL, pt. 5 ; and XU, 
pu s* 0 Newcastle-upon-Tyne, 1892. The Institute* 

New York.— Annds of the New York Academy of Sciences. Vol. VI, Nos. i— 6. 8° 
New York, 1891-1892. The Academy. 


„ Ttamrtions of the New York Academy of Sciences. Vol. X, Nos. 7-8 ; and 
XI, Nos. i-s. 8° New York, 1891. The Academy. 

Paris.— Annales des Mines. 9“" sdrie. Tome II, livr. S-ii. 8° Paris, 1892. 

Department op Mines, Paris, 

w Annumre G^ologique Universe], Tome VI 1 1, fasc, 2. 8® Paris, 1892. 

The Editor* 
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Titles of Boohs. Donors, 

Paris. — Bullitin de la Soci^t6 de Gdographie. 7“'' serie, Tome XIII, No» 3 8° Paris 

1892. The Socjety., 

„ Bulletin de la Socidtd G^ologique de France. 3“*'* s^rie. Tome XIX, No. 12, 
and XX, No. 2 8° Paris, 1892. The Society. 

„ Comptes Rendus des Stances de la Socidt^ de G^ographie. Nos. 15-18 (1892), 
and Nos. 1-4(1893). 8® Paris, 1892-1893. The Society. 

„ Rapport Sur le Congr^s Geologique de Washington. Par Emm. de Margerie. 

8° Paris, 1892. The Author, 

Philadelphia.— Journal of the Franklin Institute. Vol. CXXXIV, No. 6, and 
CXXXV, Nos. 1-2. 8® Philadelphia, 1892-1893. The Institute, 

Pisa.— Atti della Societa Toscana di Scienze Natural!. Process! Verbal i. Vol. VIII, 
pp, 157-176, 8® Pisa, 1892. The Society. 

Rome.— Atti della R. Accademia dei Lincei. Serie IV, Mimorie, Vol. VI. 4®Roma, 
1890. The Academy. 

„ Atti della Reale Accademia dei Lincei. Rendiconti, S^rieV, Seraestre II^ 
Vol. I, fasc, 10-12, with Index i and Semestre I, Vol. II, fasc. 1-3 

8° Roma, 1892-1893, The Academy] 

„ R, Ufficio Geologico. M6morie descrittive della Carta Geologica dTtalia, 
Vol, VIIL 8° Roma, 1893. Geological Survey of Italy, 

Salem, Mass —Proceedings of the American Association for the Advancement of Science, 
Vol. XL 8® Salem, Mass., 1892. The Association, 

Sydney.— Australian Museum, Sydney. Catalogue No. 16 of Australian Mammals, 
with introductory notes on general Mammalogy, by J. D. Ogilby. 8* 
Sydney, 1893. The Museum. 

„ Records of the Australian Museum, Vol. II, No. 4. 8® Sydney, 1893. 

The Museum, 


„ Memoirs of the Geological Survey of New South Wales. Palaeontology No. 

5, Part II. 4® Sydney, 1892, The Survey, 

„ Records of the Geological Survey of New South Wales. Vol. Ill, pt. 2. 4® 
Sydney, 1892. The Survey. 

„ Proceedings of the Linnean Society of New South Wales. 2® scries, Vol, VII, 
pt. 2. 8® Sydney, 1892. The Society, 

Turin.— Atti della R. Accademia dclle Scienze di Torino. Vol. XXVIII, disp. 1-3. 8® 
Torino, 1892-93. The Academy, 

„ Memoire della Reale Accademia delle Scienze di Torino. 2 ^ serie, Tomo XLII* 
4® Torino, 1892. The Academy. 

„ Osservazioni Meteorologiche fatte nelP anno 1891 Au’ Osservatorio della R. 

Universita di Torino. 8® Torino, 1892, The University. 

Vienna,— Abhandlungen der K. K. Geologischen Reichsanstalt. Band XVII, heft 1-2. 4° 
Wien, 1892. The Institute. 

„ Annalcn des K. K Naturhistorischen Hof-Museums- Band VI, Nos. 3 - 4 j 

VI I, Nos. 1-2 8® Wien. 1891-1892. The Museum. 

„ Jahrbuch der Kais.K6mg. Geologischen Reichsanstalt. Jahrgang, 1892. Band 
XLII, heft I. 8® Wien, 1892. The Institute* 

„ Vcrhandlungen der K. K. Geologischen Reichsanstalt, Nos. n-16, 8® Wien, 

The Institute. 

Washington.— Department of the Interior. United States Geological Survey. Mineral 
Resources of the United States for the Calendar years 1889 and 
1890* 8® Washington, 1892, 

United States Geological Survey, 
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Titles of Books. Donors. 

Washington.— Report of the Director of the United States Mint for the fiscal year 
ending 30th June 1892. 8® Washington, 1892* 

United States Mint* 

„ Smithsonian Contributions to Knowledge. Vol, XXVIII. 4° Wash- 
ington, 1892. The Institute. 

Wellington. — Report on the Mining Industry of New Zealand, 1892. Fisc. Wellington 
1892. Mining Department, New Zealand* 

Yokohama. —Transactions of the Asiatic Society of japan. Vol. XX, Supplement, 
part I, and XX, pt. 2. 8® Yokohama, 1892-1893. The Society. 


MAPS. 

Paris.— Carte Geologique de taillee de la France. Sheets, 13, 32, 72, 83, 94, 114, 145, and 
176. Maps, Paris, 1891-1892. Geological Survey, France. 

Washington.— United States Relief Map, published under authrrity of J. W. Powelh 
Director, United States Geological Survey. Map, Washington. No 
date. United States Geological Surv ey. 
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THE GEOLOGICAL SURVEY OF INDIA. 


Part 3*] 


1893, 


[August. 


Geology of the Sherani Hills, by Tom D. La Touche, B.A,, Officiating 
Superintendent^ Geological Survey of India, (With Maps and 
Plates.) 

The observations recorded in the present report were undertaken primarily for 
the purpose of examining the oil springs known to exist in the Sherani Hills, and 
determining whether the geological conditions were such as to hold out any pro- 
spect of there being any large accumulation of oil beneath the surface in the neigh- 
bouihood of the springs. They were almost entirely confined therefore to the 
legion occupied by tertiary strata lying between the Takht-i-Suleiman and the 
plains of the Indus valley, forming only a small portion of the territory inhabited by 
the assemblage of clans known as the Sheranis. They did not extend beyond the 
Zao river on the north, and the Toi on the south, that is, they were comprised, 
roughly speaking, between the parallels of 31® and 31° 55' N. Lat. These two 
rivers, taking their rise on the western slopes of the Takht range, flow through the 
hills in an easterly direction, and enter the plains of the Indus valley to the west 
of Dera Ismail Khan, In spite of the forbidding character of the goiges by which 
these rivers traverse the main range, no small amount of traffic is kept up along 
them, since many of the caravans, which yearly pass to and fro between Dera 
Ismail Khan and Khorasan, make use of them. All that has hitherto been known 
regarding the geology of this area has been confined to the immediate neighbour- 
hood of these routes. It would hardly be safe, even now that the tribes have been 
brought under control, to wander about these hills in the manner that a geologist 
finds necessary to a due comprehension of the features of the ground, without a 
considerable escort, and it is only quite recently that a map of the country, suffici- 
ently accurate to admit of the carrying out of a detailed geological survey, has been 
published. 

The expedition of 1883, under General Kennedy, undertaken for the purpose 
. of enabling Major Holdich, R.E., to carry out certain 

MR/GRTssaAc^,*i883? ’ survey observations from the highest peaks of the Takht 
range, was accompanied by Mr. Griesbach as geologist^ 
This expedition, both in going and returning, used the more northerly of the 
two routes above-mentioned, that by the Zao river. However convenient this 
route may have been for the main purposes of the expedition, it was not so 
satisfactory from a geological point of view, as regards the lower hills lying 
between the Takht and the plains; for not only is the section exposed along 
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Present e:£ploration. 


the Zao much concealed by recent deposits of drift, but, as it happens, several 
of the formations to be found in the area to the south are quite unrepresented on 
that route. Moreover, the character of the inhabitants is such that Mr. Griesbach 
-was unable to carry his observations to any distance fiom the line of march, without 
a special escort, which on account of the rapidity with which the expedition passed 
through this portion of the hills, could not be furnished to him. Mr. Griesbach's 
observations were included in his ' Report on the geology of the Takht-i-Suleiman.^ 
In November 1890, the southern route, that by the Toi river, was taken by 
Mr. Oldham, who had joined the Khidarzai Field Force for 
R. LDHAM, 1 90. p^arpose of visiting the oil springs near Moghal Kot on 
that river. In this case also, the rapidity of the march prevented his doing anything 
in addition tothe special object of his visit, beyond noting roughly ,the geological 
features observable immediately along the route followed.^ 

It was not until the past held season was well advanced that I received orders to 
Present e% loration undertake a more detailed survey of the Sherani Hills, 
with especial reference to the question of developing the 
oil resources of the country. I was unable to leave Dera Ismail Khan till the end 
of February, and entered the hills on the ist March, with an escort composed of 
sepoys of the 2nd Sikh Infantry, and a number of Sherani Border Police. The 
party was under the guidance of Sirdar Masud, an Afghan, Extra Assistant Com- 
missioner in charge of the district, of whose kindness and forethought in supplying 
our needs, no easy matter in so desolate a country, I cannot speak too highly. Sub- 
Assistant Kishen Singh, of the Geological Survey, also accompanied me, and I 
found his knowledge of the geology of the hills further to the south, where he had 
recently been employed under Mr. Oldham, in Baluchistan, of the greatest value. 

Entering the Sherani country by the Zam Chaudhwan, a narrow defile on the 
outer edge of the hills, by which the Toi river escapes into the plains to the south- 
west of Draban, we moved by easy stages up the river to Moghal Kot. Here I 
halted several days collecting samples of the oil, and making a plan and section 
of the locality. Afterwards leaving the Toi valley, we worked gradually northwards 
examining the valley of each of the larger streams, which all flow in a more or less 
easterly direction across the general strike of the rocks, and thus afford good 
sections, until we reached the Zao river. Thus I was able to compare my observa- 
tions with those made by Messrs. Griesbach and Oldham. Finally we returned to 
the plains along the Zao river about the middle of April. The hot weather of 1892 
will long be remembered in the Punjab as one of abnormally high temperature, even 
in the hills there was no exception to the prevailing heat, the thermometer standing 
at 100° in my tent so early as March 22nd. The barren and stony nature of the 
country in which there are few trees sufficiently large to afiord shelter to even a 
small tent, added greatly to the discomfort attending such unlocked for heat. 

Physical Features. 

The area now dealt with forms a fringe of hilly ground, from 14 to 1 6 miles in 
- , width, at au average elevation of between two and three 

^ ^ thousand feet above sea-level, extending from the plains of the 
Indus valley to the foot o£ theTakht range, under name which the Takht-i-Suleiman 
» Records G. S. 1 ., Vol. XVII, Pt. 4, p. » 7 S* 

* Records, G. S. I., Vol XXIV, Pt. 2, p. 83. 


Orography. 
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itself with the Kaisargarh, the Zao range to the north, and the naass of hills culmU 
nating in the peak called Mizri Koh to the south, are included for the purposes of 
this report, all these forming one mountain mass. As a rule the lower hills aie 
disposed in a succession of parallel ridges, corresponding with the outcrops of the 
harder rock bands, and running in a north and south direction. Some of these 
ridges rise to a considerable height, notably one which runs parallel to the Takht 
about two miles to the east of it. This is composed of a hard band of sandstone 
and limestone and rises to perhaps 6,000 feet or more. It is partly shown, marked 
as of nummulitic age, in Mr. Griesbach's admirable sketch of the Takht-i-Sulei- 
man,^ From the western edge of the lower ground, the lofty mountain mass 
of the Takht range rises abruptly in a succession of bare rocky slopes and preci- 
pices, to an elevation of over 11,000 feet above the sea. Facing this at the outer 
edge of the hills is a belt of Siwalik rocks, very irregular in width and altitude, 
which forms a kind of rim to the broad trough of softer rocks lying between it and 
the Takht. This belt is about four miles wide on the Toi river, where it rises to an 
elevation of probably not less than 5,000 feet, but further noith its width is reduced 
to a mile or less while its elevation is proportionately diminished. The survey made 
by Sheikh Mohiuddin in 1891 did not include this portion of the hills, and its topo- 
graphical details are not given in the accompanying map. 

The main drainage of the hills takes its rise on the western side of the Takht 
Rivers range. The principal rivers are the Toi which is joined 

at Domanda by a large tributary, the Shingao, also coming 
from the west side of the Takht ; the Lohara which jBows through the gorge 
called the ‘Gut' and issues into the plains to the north of Draban, and the Zao, 
which issues near Zarkanni. All these rivers flow for several miles of the upper 
part of their course in a northerly direction, probably in every case following the 
bands of softer rock which underlie the massive cretaceous limestone forming the 
highest peaks, as observed by Mr. Giiesbach in the case of the Upper Lohara 
valley.^ Then they make an abrupt bend to the east, and cut directly thiough 
the range, even the hard massive limestone on the eastern 
oSiiS. flanks of it proving no insuperable bar to their passage. 

These gorges, locally called Dhanas, are of the most wild 
and gloomy description. From the water's edge on either hand perpendicular walls 
of rock rise to an elevation of several thousand feet, and in some cases approach 
so nearly that the sky over head is invisible from the stieam. A sketch of one of 

these, the Zao defile, is given in Mr. Griesbach's report, and presents a good idea 

of their geneial characteristics.® 

The gorge called the ‘Gut* is perhaps the deepest and narrowest of these defiles. 
It passes through the highest portion of the range inmediately beneath the Kaisar- 
garh peak, and is almost impassable except on foot. It is difficult to believe that 
such stupendous gorges are due to the action of water alone, and this difficulty is 
enhanced by their resemblance to rifts in the hill sides. The term ‘rift* indeed 
would be the most expressive that could be employed in describing them, if it 
did not imply a tearing asunder of the strata. That no such dismption of the 

» Records, G. S. L, Vol. XVII, Pt. 4, pi. i, b, 

« Recoide, G. S. I, Vol XVII, Pt. 4* P 
* Loc. cit., p. 176. 
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rocks has occurred is proved by the continuation of individual bands of rock across 
the bed of the stream, and by the absence of those irregularities in the gradient 
of the stream bed which we should expect to find if it were the result of a fissure. 

Issuing from these gorges, the rivers enter a belt of ground from two to four miles 
. , wide, to which the name Tiri is locally given, and in which 

® * there are two conspicuous ridges running parallel with the 

Takht range. Of these the inner, nearest the main range, is composed of cretaceous 
limestones and shales, and the outer of hard sandstones and limestones of nummu- 
litic age. To the noith of the Shingao the inner ridge is suppressed, owing to the 
thinning out of the rocks composing it, before it reaches the Lohara, The outer 
ridge is suppressed in like manner, and probably from a similar cause to the north 
of the Lohara, and does not extend as far as the Zao, which, after emerging from the 
main range, traverses no high ground between it and the outer rim of Siwaliks. 

Below the Tiri, the rivers enter upon a broad zone, occupied for the most part 
by soft shaly rocks, which have been greatly denuded by the drainage from the main 
range. A large part of this zone is covered by recent drifts, which form an even 
stony plain sloping very gradually towards the east. At first the river channels 
are well defined and narrow, enclosed between perpendicular walls of drift, rising 
to 300 feet or so above the water-level ; but lower down the valleys become wider 
and the terraces on either side less distinct. The whole of the cultivation is carried 
on along the borders of the streams, often in the narrow spaces between them and 
the foot of the terraces. For although the level plains above would doubtless be 
fertile enough, if there were any means of bringing water on to them, works of 
such magnitude as would be necessary are apparently beyond the ability of the 
tribesmen. The minor streams, which join the main rivers in this part of their 
course, are usually waterless during a great portion of the year. Indeed, in the 
main streams themselves the water often disappears at various points, and flows 
underneath the shingle for considerable distances. Water springs unconnected 
with the large streams are of very rare occurrence ; in fact, I only know of one of 
any size, namely, near China on the Shingao. 

Of the gorges through the outer belt of Siwalik rocks, that of the Toi is by far 
the longest. This is known as the Zam Chaudhwan from the town of that name 
lying near its mouth, and is about seven miles long. The river flows in a zig-zag 
course between lofty perpendicular cliffs, formed of the inclined beds of Siwalik 
conglomerates and sandstones, occasionally running for some distance along the 
strike of the rocks, and then without any apparent cause, breaking directly across 
them. On the Lohara, as before mentioned, the Siwalik belt is much reduced in 
width, and the passage cut through it by the river, known as the Zam Drazand, can 
hardly be called a gorge. Further north again the Siwalik belt broadens out to 
some extent, and the Zao traverses it by a pass called the Sheikh Hydur, similar to 
the Zam Chaudhwan, but much shorter. 


Stratigraphical Geology. 


The geology of the Sherani Hills is by no means complicated. As a general 


Stractare. 


rule the formations follow each other in a normal succes- 
sion, the older being found to the west, and the newer to 


the east. In fact, the whole of the rocks form the eastern limb of a huge anti- 
clinal, the axis of which runs along the Suleiman range itself, the general dip 
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being in an easterly direction. An exception to the prevailing easterly dip 
is found just within the fringing belt of Siwalik rocks, where what may be called 
a sporadic anticlinal occurs, the axis of which passes in a north and south direction 
through Domanda, parallel to the main anticlinal. Along this line disturbance 
has taken place at two distinct periods ; first, after the deposition of the eocene 
rocks, which W'ere upheaved, in places into a vertical position and greatly denuded, 
the ovei lying Siwaliks resting on their up-turned edges, and containing fragments 
derived from the nummulitic limestone; and secondly, after the deposition of 
the Siwaliks, which have been bent into a double fold, synclinal and anticlinal, 
denuded along the axis of the latter so as to expose the undeilying lower tertiary 
rocks. This latter folding has been in some cases seveie enough to bring the 
lower Siwalik beds also into a vert ical position, and apparent parallelism with the 
nummulitic strata beneath, as at Domanda itself. 

An hypothesis has lately been put forward by Mr. E. Reyer which appears 
to account satisfactorily for the frequent occunence of such minor anticlinals as 
this, on the flanks of those greater folds to which mountain ranges are due. 
According to this theory, an abstract of which was published in 'Nature' of July 
7th, 1892,^ such folds are referred to a gliding down of the softer overlying 
strata, as the harder rocks beneath forming the core of the main range are 
upheaved. Without accepting this theory in its entirety, as an explanation of all 
folding, which would appear from his concluding rcmaiks to be the author's 
contention, though it is difificult, of course, to form an opinion from a short abstract, 
yet given the upheaval of a mountain mass, such as the Suleiman range, it certainly 
does seem possible that minor folds on the flanks of it might be formed by such 
a ** gliding" process, and the aspect of this narrow fold at Domanda lends consider- 
able support to the theory. Besides this Domanda anticlinal, many other dis- 
locations on a smaller scale, in some cases producing overfolds and faults, are to 
be seen, es; ecially in the higher beds of the lower teitiaries, which might readily 
be explained on the same hypothesis. A conspicuous instance of one of these 
was noted on the Toi river between Parwara and Baskai villages (see Sketch, PL II). 

The formations represented in the Sherani Hills are given in the following 
table, in which I have included for comparison the succes- 
repre- found in the Mari country to the south, according to 

Mr, Oldham,* and by Mr. Blanford in the southern 
extension of the Suleiman range. *With those on the north as described by 
Messrs. Wynne and Griesbach, Ihave found no correlation possible of the kind that 
could be expressed in such a table as this. I have also omitted the cretaceous 
rocks below the massive limestone, the succession of which is given in Mr. Gries- 
bach's paper on the geology of the Takht-i-Suleiman,^ as these were not visited 
by me. In his repoit on the Safed Koh, Mr. Griesbach states that the sequence of 
the Mesozoic rocks, as observed in that area, closely resembles that in the Sulei- 
man range.^ 

* **Onthe causes of the deformation of the Earth's Crust,*’ ‘Nature* No. 1184, Vol. 
XLVI, p* 224. 

» Records, G. S. I., Vol. XXV, Pt. i, p. 18 (Wap). 

® Memoirs, G. S. I., Vol. XX, Pt. 2, p, 34. 

* Records, G. S. I., VoK XVU, Pt. 4, p. 182. 

« Records, G. $. I., Vol. XXV, Pt. 2, p. 83 . 
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I have tiot thought it necessary or advisable to giv^e local names to the sub-divi- 
sions of the lover tertiary system in the Sherani Hills. For, although the area is 
an isolated one, it seems almost certain that further research will result in correla- 
tion of the more important groups on the south at any rate. It appears to me, 
therefore, better to wait until the intervening area has been examined, in order that 
a multiplicity of names for what may prove to be identical groups may be avoided. 

Description of the Sections. 

The most complete section of the rocks composing the Sherani Hills is to be 
found on the Toi river, which traverses the whole series 
(No^\ oblique direction from south-west to north-east. I 

’ * propose therefore to describe the section to be seen on 

this river in some detail, at the same time noting those points in which the sec- 
tions found on the rivers further to the north differ from or resemble it. 


Cretaceous. 


This is the lowest rock seen in the area examined. On the Toi ri^er it is of 
, enormous thickness, and very homogeneous in texture. 

Massive imestone, bedding planes. It is an intensely hard 

and compact limestone, almost black in colour, and emitting a slightly fetid 
odour when struck with the hammer. A few corals occur in it, and sections of 


gasteropod shells are visible on some of the smooth water worn rock faces in the 
gorge, but none of these could be extracted. Towards the summit of the range 
as observed by Mr. Griesbach, it becomes lighter in colour and contains more corals. 
In the Toi gorge, or Dhana, the rock dips at about 30® to the east, and as far as I 
ascended the gorge, about a mile and a half, nearly as far as the place marked 
Dhane Sar on the maps, no signs of its base were visible. The thickness of the 


limestone is theiefore more than 4,000 feet. In the river gorges to the north it 
presents the same characters, but the dip increases until, at the Zao river, it is 
approximately vertical. About half a mile below the rock, called the Sar-i*Sang 
in that defile, there are some more shaly limestones with sandstones which appear 
to mark the base of the massive limestone. In these beds were found a 
£honella and a very doubtful fragment of an Ammomten These may be the equi- 
valents of the uppermost beds of Mr. Griesbach's group No. 4, the brown earthy 
beds, No. 5, of his section, being locally absent. The total thickness of the mas- 
sive limestone in this section would therefore be something over 5,000 feet. 


The massive limestones are overlaid conformably by black shales containing 
beUmniieSi which are found loose on the surface of the 
Beletnnite beds. ground, weathered Out from the shales, but do not appear 

2. Black s aes. ^ common, except at certain horizons. They are 

followed by thin bedded bluish and greenish limestones interstratified with shales. 

This series forms a conspicuous ridge parallel to the 


3. Thin bedded Uwe- 
stoYies and shales. 


Takht and where cut through by the river the indivi- 
dual beds of limestone, averaging perhaps a foot in thick- 


ness^ and of lighter colour than the bands of shale, are seen to preserve a very 
uniform thickness for great distances, giving a highly characteristic banded appear- 
ance to the cliffs. Near the top of the group the limestone bands become thicker 
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Tertiary Rocks. 
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Records, G. S. 1., Vol. XXV Pt i if t n 
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> Record,, G. S. I., Vol. XXV, Pt^. p. ^ in the Sherani Hills. 
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tes are not uncommon in some of the finer grained sandstones. These fossils 
have not yet been properly examined, but so far as could be seen from a cursory 
inspection of them, there are here no signs of that abnormal mixture of tertiary 
with cretaceous forms noticed by Mr. Oldham in Baluchistan. Unfortunately the 
number of the ‘Records’ containing Mr. Oldham’s paper did not reach me till 
after I had left this section on the Toi, so that my attention was not directed to the 
impoitance of a rigorous search for such forms, but it was so close that I cannot 
think that if such fossils as Ammonites, Echinoconidm, etc., had been present, they 
would have escaped our notice. 

The shales are succeeded by a band of hard quartzose sandstones, reaching a 
thickness of nearly 1,000 feet, bluish white in colour and 
* weathering to a warm brown. They are generally thin 
bedded, and contain thin bands of shale, some of which 
are carbonaceous enough to have given rise to reports of coal occurring on the Toi 
river. None of them, however, are of any economic importance. It is near the 
base of these sandstones that the oil springs of Moghal Kot occur, concerning 
which, and the probability or otherwise of there being a large accumulation of oil 
in the neighbourhoood, 1 have submitted a separate report.^ Fossils, mostly 
sections of bivalves, occur sparingly in the sandstone beds at the base, and near the 
top is a band containing an abundance of oysters QExogyra). 

Resting upon the sandstones is a cap of massive and very hard grey limestone 
. about 250 feet thick. No recognisable fossils of any size 

band. portions of it are crowded with 

what appear to be sections of a Foraminifer, perhaps an 
Aheolma; but the sections, which are all that can be seen on the surface of the rock, 
are so much distorted that I could not determine their nature with accuracy. This 
limestone band with the sandstone beneath it forms a lofty serrated lidge, rising 
with a long even slope of about 30® corresponding with the dip from the lower 
ground to the east, and precipitously scarped on the west, facing the Takht range. 

In the three river gorges to the north of the Toi, the various sub-divisions of 
Northern extension group, as observed in that river, are present in full 

of Lower Nmnmulitic force, and the ridge formed of the two upper members can 
be traced continuously across the country between them. 
But between the Lohara and Zao rivers this ridge comes to an abrupt end, and with 
it all signs of the quartzose sandstones and overlying limestone disappear. The 
lowest member is represented on the Zao by a great thickness of black shales, in 
which no fossils were found, passing downwards into lighter coloured splintery 
shales, much contorted and crushed, and resting directly upon the massive lime- 
stones of the main range, the Belemnite beds also having disappeared. It is im- 
possible on this section to fix with accuracy any division between the lower and 
middle nummulitic groups^ owing to the absence of the limestone band which 
affords a convenient boundary line in the southern sections, marking as it does, an 
abrupt change of conditions in the deposition of the strata. What the reason may 
be for the disappearance of two so well-marked hands of hard rock can only be 
conjectured. That it is not due to any form of dislocation, I am pretty certain, for in 
the Zao river, only two miles or so to the north of the end of the ridge, a complete 
section of the rocks is exposed, and though there is a small double fold in the sand- 
I Records, 0. S. L, Vol. XXV, Pt. 4 , p* 
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stone and shales (see Section No. 3), there is no faulting of such magnitude as 
would account for the entire disappearance of these two bands. I am inclined 
therefore to think that the feature is an original one, and that the disappearance of 
these beds is caused by their sudden thinning out due to an abrupt shallowing of 
the basin of deposition to the north. This hypothesis is borne out to some extent 
by the highly carbonaceous character of the strata belonging to this group exposed 
in the Zao river, pointing to the existence of a land surface at no great distance to 
the north. 

Middle Nummulitic. 

Next in order, resting conformably upon the limestone band, follows a great 
7, Shales with sand- thickness, probably not less than nine or ten thousand feet 
stone bands. Unfossili- of shales and sandstones, in the greater portion of which no 
organic remains are found, beyond a few carbonaceous 
markings, which may be obscure plant impressions^ and a few insignificant strings 
of coal. A band of nummulitic limestone was found near the top of this group be- 
tween Parwara and Baskai on the Toi, but the ground was so obscured by talus 
that it was impossible to say that this band had not been brought into its present 
position by folding, and really belonged to the next higher group. Near the base 
greenish and red shales and clays are most conspicuous, interstratified higher up 
with bands of soft grey sandstone, weathering red, and sometimes coarse gritty 
bands showing false bedding. The whole aspect of the group recalls that of the 
Murree beds of the North-Western Himalayas, but its position beneath a group 
containing several bands of highly nummuliferous limestone precludes its being 
referred to the same period. On the other hand it agrees in position and appear- 
ance, and in the occurrence in it of carbonaceous traces, with the Ghazij group of 
Baluchistan, in which the workable' seams on the Sind-Peshin Railway occur, and 
in all probability it is represented in the southern extension of the Suleiman range 
by the eocene sandstones containing coal, in the country of the Luni Pathans, as 
described by Mr. Ball.^ 

Upper Nummulitic. 

There is no stratigraphical break of any kind between the foregoing group of 
shales and sandstones and the overlying group of upper 
br^ stratigraphical nummulitic rocks, the greater portion of which is also shaly 
The only reason for drawing a line of division here is 
the evidence of a return to more distinctly marine conditions afforded by the 
presence of bands of limestone, containing nummulites and abundant remains 
of other organisms, in the upper group of beds. The 
sum l»nd^.* change is marked by the appearance of a series of rocks 

very persistent in character, which is found wherever the 
base of the upper group is exposed. 

This series is characterised by the presence of numerous bands of saccharoid 
gypsum, and of grey limestone, in which gypsum occurs closely mingled with the 
limestone, and sometimes in cavities. In the latter case the weathering away of the 
limestone from the rounded masses of less easily dissolved pure white gypsum 
gives the surface of the rock a pectiliax appearance, as though it were studded with 

» Records, G. S.I., VoL Vll, Pfc. 4 . p. 153^ 
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Snowballs. Mr. Oldham records a similar association of gypsum with fossiliferous 
limestone in Baluchistan, and notes the difSculty of accounting for their presence to- 
gethei.^ The shales interstraiified with the gypsum are of very vivid colouis, green, 
red, and purple predominating, differing in this respect from the shales accom- 
panying the gypsum in Mr. Oldham’s Spintangi group. A section of these rocks 
measured by Kishen Singh near the village of Zor Shahr on the Lohara, is as 
follows ; — 

In descending Order. 


DipN. 80® 


\ 23° NummuHtic limestone, soft and shaly, greenish in 
colour, and full of nummulites (No. 9 in sections) 
Green shales 


Ft. Ins, 


Not well sern 


Dip N.8o'^E( 


Gypsum 



• 7 

3 

Green shales .... 



• 3 

3 

Gypsum 



. 3 

6 

Green shales .... 



• 3 

0 

Gypsum . , . . . 



m X 

6 

Limestone ..... 



. I 

0 

Green shales with a calcareous band . 



. X 2 

0 

Calcareous sandy band • . 



• I 

3 

Green shales with a limestone band . 



. 22 

6 

Gypsum ..... 



• 3 

0 

Green shales % . . , 



. 6 

6 

Gypsum . . • . . 



. 0 

3 

Limestone • , . • • 



. 0 

9 

Green shales * • * . 



. 7 

0 

Gypsum ..... 



• 3 

6 

Green shales .... 



. 14 

0 

Gypsum 



. S 

3 

Green shales .... 



. 28 

0 

Gypsum ..... 



. 11 

7 

Dark green shales • • 



. 0 

6 

Gypsum ..... 



. 2 

0 

f Green shales • . • • 



, 8 

0 

\ Gypsum . .2 

j Green and purple shales with 3 layers 8 inches to i foot 

0 

thick of gypsum .... 

m 


. 55 

0 

Gypsum ..... 

• 

« 

. I 

0 

Green shales with purple bands 



• SO 

0 

Grey limestone with gypsum in cavities 


P 

. 2 

2 

White limestone .... 


« 

. 0 

11 

Green shales with marly layers « 


« 

. 49 

0 

Purple shales with thin gypsum bands 


• 

• 19 

0 

Gypsum ...... 

Red shales with 1 foot 6 inches marly layer in 

. » 2 

middle 

10 

and thin gypsum bands 


. 

. *3 

0 

Sandy argiUaceou® 


• 

. 2 

9 

Green shales with sandy bands at top 


* 

. 24 

0 

Foliated gypsum * • * 



• 6 

2 

Green shales with red bands , ^ . 



. i 6 

0 

Limestone with gypsum in cavities . 


* 

• 4 

0 

Red and green shales with thin sandstone layers 

. JOI 

0 

® Greenish sandstones 

Total 

* 

IX 
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This band of gjpsum -bearing locks can be traced continuously from the Toi 
to the Zao iher, and^ extends to an unknown distance both to the north and to the 
south. It was apparently found by Mr. Blanford in about the same position far to 
the south, ^^est of Dera Ghazi Khan It is also exposed along the axis of the 
Domanda anticlinal, on the Toi at Domandi itself, and on the Lohara just withm 
the fringing belt of Siwaliks but is concealed on the Zao by the unconformable 
o\erlap of the latter rocks. 


9. Nummulitic 
stone band. 


lime- 


This band of rock, although insignificant in thickness, is remarkable not only 
on account of its composition, but also for the very wide 
area over which it extends, without any change in character. 
It is a greyish limestone, slightly tinged with green, entirely 
made up of the remains of Nummuliies, apparently belonging to a single species, 
crowded together in the utmost profusion throughout the whole thickness of the 
band. Wherever I have measured it, at widely separated localities, the band has an 
almost uniform thickness of 14 feet. It forms the crest of a well marked ridge, the 
scarped face of which is composed of the underlying shales with gypsum, and is 
found wherever that formation is present. It is inteiesting to conjecture what the 
conditions may have been under which this peculiar band of rock was formed. 
The great thickness of unfossiliferous beds beneath points to the existence of a 
gradually shallowing basin, by the desiccation of which the gypsum beds were 
formed. Then a subsidence of the surface accompanied by the irruption of salt 
water brought in conditions favourable to the growth of the nummulites, exceed- 
ingly uniform over a very large area. These conditions appear to have ceased as- 
Plat limestone Suddenly as they began, for the nummulitic band is 

^ * followed by thin bedded, fine grained, platy limestones, in 

which I found no nummulites whatever. These latter rocks range from 30 to 40 
feet in thickness and are usually light grey in colour, but on the Toi between 
Parwara and Baskai they are of a dense black colour, weathering white and occa- 
sionally contain nodules of chert. They generally form a dip slope on the reverse 
face of the ridges, at the crest of which the nummulitic band, above referred to, is 
found. 


The limestones are followed by a band of olive shales in which fossils are ex- 
ceedingly numerous. These are mostly casts, and have 
highly examined. There is no great variety of 

species but a great profusion of certain forms, a large 
Cardita being very common among the bivalves, also an Ostna with V-shaped 
markings, Gasteropods, Ceriihium and TurrUeUa^ are also found in great numbeis. 
The thickness of this band of shales is about 1,500 feet. 

This band of limestone having olive shales both above and beneath it, crops out 
as a more oi less conspicuous ridge, parallel to and at a fairly 
with uniform distance from, the ridge formed by the lower lime. 

stones belonging to this group, Nummulites^ which appear 
to belong to a different spedes from those in the lower band^ are sparingly distri- 
buted through the rock, and a few spedmens of echinoderms and corals, also a 
somewhat mutilated carapace of a crab, were obtained from it. The minor disloca- 
tions which the strata have undergone are well exhibited by this band of limestone, 
especially in the valleys of the Toi and its tributaries above Parwara, where it is 



PART 3.3 La Touche : Geology of the Shefani Hills. 


89 


12. Olive shales. 


Uncon formable break. 


repeated at least twice by a folding (see Sketch PI. II). The thickness of this 
limestone band is not great, 30 or 40 feet, but in common with the other members 
of this upper group, it is persistent over a veiy large area. 

It is followed by a thick band of olive shales, closely resembling lithologic- 
ally band No. 10, but almost barren of fossils. I his band 
is about 2,000 feet thick on the Toi, and although of little 
interest occupies the greater portion of the area covered by the Upper Nummulitic 
group. 

1 have little hesitation in identifying this group with Mr. Oldham’s Spintangi 
group in Baluchistan, as described in his report on the 
country adjoining the Sind-Peshin Railway.^ Although 
there are differences of detail in the various rock beds 
comprising the group It is woithy of remark that ' Olive shales ' are of almost 
univetsal occurrence m the upper portion of the Eocene division over the whole area 
occupied by these rocks in the North-Western Himalayas, Sind, and Baluchistan. 

It is difficult to estimate the value of the bieak which took place between the 
deposition of the Nummulitics and Siwaliks. The entire 
discordance in dip between the Siwaliks and underlying 
nummulitic rocks, as seen in the Zao river sections (see Section No. 3, PI. 1 ), 
would seem to imply the lapse of a considerable amount of time. But the 
Siwaliks on the Zao belong to the uppermost part of that series, whereas a 
few miles to the south on the Toi, we find some thousands of feet of sandstones 
and clays interposed between the Upper Siwaliks and the Nummulitics ; and here 
theie is not the same evidence of unconformity. In fact, where the formations 
have been least disturbed, for instance, in the synclinal west of Domanda, the 
lowest beds of the Siwaliks rest with apparently complete conformity on the Upper 
Nummulitics. Too much stress should not be laid, I think, upon the discordance in 
dip seen on the Zao. The disturbance of the beds beneath, to which it is due, was 
confined to quite a narrow rone, and need not have taken any veiy considerable 
length of time to accomplish. The probability is that this period was one of 
considerable changes of level in closely adjoining areas, so that upheaval and 
denudation were proceeding in certain areas, while not far off deposition was going 
on. This is indicated by the fact that fragments of the limestone beds belonging 
to the Nummulitic series are found imbedded in the lower Siwalik strata. There 
occurs a band of gritty sandstone in the latter rocks, some way up from the base, 
between Domanda and Landai on the Shingao, crowded with broken Nummulites, 

Although the lower Siwalik rocks attain a considerable thickness, probably not 
less than 2,000 feet on the Toi and its tiibutary the Shingao, 
they are entirely absent on the Lohara and Zao rivers 
to the north. How far this suppression is due to the unconformable overlap of 
the Upper Siwaliks, it is impossible to say, but it seems probable that it partly at 
any rate arises from original irregularity in the deposition of this formation. In 
lithological characters it resembles in all respects the formation of the same 
age, both to the south, in Sind and Baluchistan, and to the north in the 
Punjab. The prevailing rocks are rather soft grey ^pepper and salt* sandstones, 
interstratified with clays and shales of bright colours, usually red and orange. 

* Records, G. S. I., Vol. XXIll, Pt* % p. 
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Occasionally bands of coarse sandstone are met with, but conglomeiates, such as 
characterise the Upper Siwaliks, never occur in these lower rocks. The surface of 
some of the finer sandstone beds are covered with ripple marks. A fine example of 
this is to be seen a short distance below the village of Paiwara, where the sloping 
surface of a low ridge, through which the river breaks at right angles, is covered 
with it for several hundred yards, A sandstone band in about the same position 
on the Shingao, about six miles to the north, also displays the same structure. 

In a somewhat pebbly band near the base of the Siwaliks on the road from 
Paiwara to Landai, Sub- Assistant Kishen Singh was fortun- 

Organic remains. enough to discover a few fragments of mammalian or 

reptilian bones, and of teeth, probably reptilian. The bones were found about 
two miles to the south-east of Landai, and the teeth at two localities, one about 
three quarters of a mile from Parwara, the other about two and a half miles 
from the same village. The position of these fossils agrees perfectly with 
that of similar remains, found by Captain Vicary in the Bugti Hills, and by 
Mr. Blanford in the southern Suleiman range, in rocks belonging to the same sub- 
division, and afford a further proof if any were needed as to their identity.^ 
From another bed, of green calcareous shale, among these lowest Siwaliks, but at a 
lower horizon than the beds containing the bones and teeth according to Edshen 
Singh, a few fragmentary specimens of a strongly ribbed bivalve were collected, 
which, although not perfect enough to be identified with certainty, belong, I sus- 
pect, to one of the species of ribbed Unios found by Mr. Blanford to the south, 
and by Mr. Wynne to the north, associated with the mammalian and reptilian 
remains.® 


On the Toi the rocks belonging to this group form an open synclinal above 
the confluence with the Shingao, the axis of which runs 

Domanda 

anticlinal, where they are tilted up vertically. Lower down 
the river the dip becomes easterly, at a high angle, and the rocks disappear con- 
formably beneath the conglomeiates and sandstones of the Upper Siwaliks. To 
the north the synclinal flattens out and is replaced on the Zao by a low anticlinal 
(see Section No 3 PI I), which may partly account for the disappearance of the 
lower Siwalik rocks in that direction, they having been removed by denudation* 
To the south Mr. Blanford found a synclinal in these rocks in the same position as 
on the Toi, and it is probable that they extend continuously from the Sherani Hills 
into the area examined by him.® 

This formation occurs everywhere along the margin of the area examined, form- 

14. Upper Siwaliks. ^ ^ ®^ope running up from 

Indus plain on the east and scarped on the western 
side, where its precipices overlook the lower ground stretching toward the Takht-i- 
Suleiman, occupied by the eocene shales and limestones. It is made up, as every- 
where else, of thick beds of conglomerate and sandstone, regularly interstratified. 
The greater proportion of the pebbles forming the conglomerate appear to have been 
derived from the hard cretaceous limestone, but pebbles of sandstone, probably 
from the same group, are also common. The thickness of this formation varies 


^ Memoirs G. S. I., Vol. XX., Pt 2, pp. 21, 57. 
3 Records, G. S. I., VoU X, Pt 3, p. 120. 

• Mem. G. S. I., Vol, XX, Pt. a, p. 120. 



PART 3.] 


La Touche : Geology of the Sherani Hills. 


91 


considerably, being greatest on the Toi river, 'which has cut a deep gorge through 
these beds. On the Lohara and Zao, the uppermost beds alone seem to be re- 
presented, resting with total unconformity on the Upper Nummulitics. 

To this period may possibly belong a thick mass of limestone breccia, forming the 
Breccias near Zor summit of a hill about three miles to the west south-west of 
Shahr, ? of Siwalik Zor Shahr. The sandstones and shdes of the middle 
nummulitic series, on which it rests, dip steadily in an easterly 
direction at a high angle, but no bedding planes aie to be seen in the breccia which 
forms a precipitous scarp, some two to three hundred feet in height. A similar cap> 
but of smaller extent, is to be seen resting on the top of the ridge formed by the 
limestone and gypsum bands at the base of the Upper Nummulitic series (Nos. 8 
and 9 in Sections) east of Ragha Sar, but 1 was not able to visit this. The material 
of the outlier near Zor Shahr appears to have been derived from the hard band of 
limestone. No. 6, at the top of the Lower Nummulitics, and is perhaps a portion of 
an ancient talus formed at the foot of the high xidge composed of that rock. The 
breccia, I am certain, belongs to an older period than the terrace deposits of the 
river valleys, and may quite possibly date back to Upper Siwalik times. 


Comparison with Geology of hnown areas to North and South, 

Both to the north and south of the portion of the Suleiman range now described, 
I. Southern area. ^ considerable gap occurs, of the geology of which little or 
nothing is known. On the south the survey of the range 
was carried by Mr. Blanford in 1882 as far as the parallel of 30° 30' N, Lat., or 
some 100 miles to the south of the Sherani Hills. At the northern limits of Mr. 
Blanford’s survey the aspect of the tertiary rocks appears to correspond very closely 
with that of the rocks belonging to the same period found further north, there being 
a great development of shales and sandstones in the Eocene division, as compared 
with the sections siill further to the south.^ These rocks also occupy a large por* 
tion of the area to the west of the main range traversed by Mr. Ball.^ Mr. Blan- 
ford notes the occurrence of a section on the Charchar Pass ® of a thin band of 
limestone intercalated in the olive shales which form the topmost sub-division of the 
Eocene, and forming a low continuous ridge running north and south, beneath 
which there are several beds of white gypsum. This band also appears in several 
streams to the north, ^ and probably coriesponds to the band characterised by 
gypsum layers (No. 8) at the base of the Upper Nummulitics in the Sherani hills. 
Again, near the northern limits of the area, on the Sangarh stream, a thick band of 
limestone appears in the middle of the Eocene system,^ forming a distinct and 
well marked ridge continuing for a long distance to the north, and known as the 
' White Range,' This is possibly the equivalent of the thick band of limestone, 
forming the top of the lower division of the Eocene in the Sherani hills (No. 6), and 
immediately overlying the sandstones in which the Moghal Kot oil occurs, where it 
also forms a conspicuous ridge. 

O Memoirb, G. S. 1., Vol. XX, Pt, 2 , pp. 44> 

(2) Records, G. S, L, Vol Vlh Pt. 4 , P- 153- 
Memoirs, G. S. !•> VoL XX, Pt, 2, p. X09. 

(^) Loc. Cit., pp. 112 to 121 , 

0} LoCf Cit„ p. 122 , 
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The uppermost beds of the cretaceous series in the southern area were found by 
Mr. Blanford to consist Of hard white sandstones, forming the core of the main 
range.^ If these are, as Mr. Griesbach suggests, the equivalents of his group 
No. the massive limestones and Belemnite beds must be entirely absent in the 
southern area, a supposition difficult to accept in regard to their great development 
within so short a distance to the north, and their occurrence also within no very 
great distance to the west in the country between Thai Chotiali and the Sind-Peshin 
Railway. It is equally difficult to suppose that the cretaceous limestone and Bel- 
emnite beds have been removed by denudation in the southern extension of the 
Suleiman range, for in that case we should expect to find conspicuous traces of un- 
conformity between the Eocene and cretaceous rocks there, whereas Mr. Blanford 
distinctly states that all the formations exposed in that section, from Upper Siwaliks 
to cretaceous limestone shales, are conformable.* It seems more leasonable to sup- 
pose that the white sandstones observed by Mr. Blanford are, if cretaceous, of local 
occurrence only, and are not represented at all in the Sherani hills. No fossils were 
found in them, and Mr. Blanford’s reason for placing them in the cretaceous system 
was the occurrence immediately above them of a band of limestone bieccia, which 
he supposed to mark the base of the Eocene. But, in a recent paper Mr. Oldham 
takes the ‘ limestone breccia’ as marking the division between the Ghazij and Dunghan 
groups, ^ the latter of which, from the character of its fossils, holds a doubtful 
position between secondary and tertiary, though, as he points out, Mr. Blanford 
considered it to be nummulitic, and he discusses the contradiction involved. The 
difficulty, however, does not affect the present argument, for whether the Dunghan 
group is cretaceous or eocene, or intermediate between the two, I should be inclined 
to consider the white sandstones as the equivalents of that group, which is subject, 
as Mr. Oldham observes, to abrupt changes of character, rather than to imagine so 
great a discontinuity of deposition, or such an enormous amount of denudation 
unaccompanied by any unconformity, as would be necessaiy to account for their 
being the equivalents of Mr. Griesbach’s Takht-i-Suleiman sandstones- 

There is a decided similarity between the physical features of the northernmost 
part of the area described by Mr. Blanford and of the Sherani Hills. The great 
anticlinal which forms the main range, and has resulted in the upheaval of the 
enormous mass of the Takht-i-Suleiman, is continued into the southern area, but 
it becomes much flattened in that direction, and moreover appears to be divided up 
into several rolls, so that the tertiary rocks may be traced continuously from the 
east across the crest of the range to the west. On the east of the main range Mr. 
Blanford notes the appearance north of Sakhi Sarwar (west of Dera Ghazi Khan) 
a double roll in the uppermost tertiaries, a synclinal on the west nearer the main 
range, followed by an anticlinal to the east. This feature I found to be distinctly 
represented on the Toi and Shingao rivers in the Sherani hills. 

More recently a large tract of country, adjoining and partly included in the 
area described by Mr Blanford, and lying to the west of the main range, at a 
distance of about x 50 miles to the south-south-east of that now described, has been geo- 
logically mapped in detail by Sub-Assistants Kishen Singh and Hira Lai, under the 

Memoirs, G. S. I., Vol. XX, Pt. 2, pp. 43, 113, 123. 
p) Records, Q. S. I., Vol. XVII, Pt 4, p. 185. 

C) Memoirs, G. S. I., Vol. XX, Pt a, p. 44. 

(♦) Records, G. S. I., Vol XXV, Pt 1, p. 22. 
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direction of Mr. Oldham, whose report was published in Part, i of the ‘Records’ 
for the present year.^ In a previous paper, published in the ‘Records’’ for 1890,* 
Mr. Oldham had also described the formations existing in that legion. The 
similarity between the various sub-divisions of the tertiary system, as determined 
by Mr. Oldham, and those observed by me in the Sheram Hills is most striking, 
and I have little hesitation in coirelating the sub-divisions with those named by him, 
I have no doubt that when the intervening tract of country comes to be surveyed, it 
will be found possible to trace these sub-divisions from one area into the other, 
Kishen Singh was able to recognise several features in the composition and disposi- 
tion of the formations corresponding to those with which he was familiar in the 
area to the south, and his knowledge of them was of great assistance to me. After 
leaving the Sherani Hills, I had an opportunity of paying a flying visit to a part of 
the area surveyed by Mr. Oldham, bordering on the Sind-Pishin Railway, and what 
I saw there tended to confirm my view as to the general identity of the formations 
in the two areas. 

To the north of the Sherani Hills occurs another considerable gap, occupied 
by the Waziri Hills, regarding the geology of which we 
have very little knowledge. On companng the geology of 
the tertiary rocks in the districts lying beyond this gap, as described by Messis. 
Wynne and Griesbach, with those of the same age in the Sherani country, we find 
that they have little in common, and it is evident that great changes must occur in 
the interval. 

Several considerations tend to show that the Lower Tertiary foimations in 
these hills are more intimately connected with those found in the regions to the 
south, than with those on the north. Indeed it appears quite possible that a barrier 
existed in the area now occupied by the Waziii Hills, from later cietaceous to 
Siwalik times, between the basin of deposition of the Suleiman range, and that 
of the Safed Koh and North-West Punjab- In support of this hypothesis may 
be adduced the thinning out of the more distinctly maiine beds, the limestones, 
in the uppermost cretaceous and Lower Eocene formations towards the noith in 
the Sherani Hills. Also the gradual extinction of the Miocene Nari beds in the 
same direction. In the Sheikh Budin hills, which are clearly visible to the north- 
east from the Takht-i-Suleiman, Mr, Wynne found that the Eocene nummulitic 
rocks were entirely absent, and the cretaceous very poorly represented, (®) but 
that they are found increasing in thickness towards the north-east, in the direction 
of the Maidan range. Again to the north of the Waziri hills, on the section 
between Kushalgarh and Thai on the Kurram river Wynne found the Eocene 
limestones gradually disappearing in a westward direction, (^) while in the Salt 
Range and North-West Punjab that formation is almost entirely composed of 
limestone. The Murree group also, so highly developed in the North-West 
Punjab, was found to become gradually thinner in the same direction. Mr. Gries- 
bach has pointed out that elevation had taken place in the hill area on the north- 
west frontier in Miocene times. (.^) Considering the discordance in strike between 
the rocks composing the Suleiman range and the Safed Koh with their skirting 

P) Records, G. S. L, Vol, XXV, Pt, i, p. 18. 

0 Id. VoLXXIII, Pt3,p.93. 

(®) Memoirs, G. S. I., Vol. XVII, Pt. 2, pp. 74, 91. 

(*) Records, G. $. I., Vol. XI!, Pt. 2, p. 113* 

C) Id. Vol. XXV, Pt. a. p, 06 . 
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ranges, the former striking due north and south, while the latter strikes east and 
west, notwithstanding the fact that the upheaval of each of these great ranges was 
to a certain extent contemporaneous, it does not seem unlikely that in the angle 
between them the disturbance, which culminated in the production of the two ranges 
should have been more intense, and perhaps dates back to a more remote period! 
A.n indication of intense disturbance in this region is afforded by the discovery 
by Mr. Wynne of an outburst of volcanic action to the west of Thai on the 
Kujram xheif) whereby beds of Subathu aspect have been greatly altered. The 
observations of Drs. Stewart and Verchere, comprising the little we know of the 
geology of the Waziri country, point in the same direction, since they note the 
occunence of metamorphic rocks in that district. In the Sherani country itself 
there is evidence of greater crushing of the strata as we proceed from south to 
north. The cretaceous rocks which slope at an angle of about 30° to the east in the 
gorge of the Toi become vertical in the Zao defile, while signs of intense crushing 
of the supra cretaceous rocks on the latter river are more conspicuous than to the 
south. 

The question cannot be decided until the unexplored area between the Sulei- 
man and Safed Koh ranges is examined, a task that will doubtless be of great 
difiiculty, but of still greater interest geologically, for it is not often that two ranges 
agreeing so closely in their period of upheaval, but differing so entirely as regards 
the direction in which the forces that caused the upheaval were exerted, are found 
approaching each other so nearly. There is little immediate prospect of this 
examination being carried out, for it is likely to be many years before the Waziris 
are brought sufficiently under control to allow of an observer moving about in 
their country with the freedom which will doubtless be necessary to unravel so 
complicated a piece of geology. 

With regard to the deposits of later tertiary age, the information now obtained 
. , from the Sherani Hills supplies a fresh link connecting 

Later ertianes. Siwalik rocks of the North-Western Himalayas with 

those of Baluchistan and Sind. The resemblance of the two divisions of the 
system in the former area with those found to the north and south is complete, 
both in their lithological aspect and in the occurrence of those mammalian and other 
organic remains so characteristic of the system. 

Sub-recent deposits. 

A few words must be given to the remarkable deposits of river gravels and 
boulder drifts with which a very large part of the area 
Terrace drifts (See PUV). occupied by the Lower Tertiaries is covered, although 
drifts of the same character are so universally found 
at the foot of the hills surrounding the northern boundary of the Indian plains 
that it would require a far wider knowledge of them than I possess to do justice 
to the subject. These drifts form an even plain with a very gradual slope from 
west to east, only broken by the deep, often vertical-sided ravines, cut into it by 
the rivers of the present day. The ravines are excavated to a very uniform depth of 
about 300 feet below the upper surface of the terraces, but except near the mouths 
of the gorges which break through the hard ridges near the main range, the whole 

Q) Records, G. S. I., Vol XII, Pt. 2, p. HI 
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of this depth has not been excavated in the drifts alone, but has been carried jdown 
into the rocks beneath, forming the original floor of the valleys in which the drifts 
were deposited. Thus as we descend the rivers, we find this ancient floor, which is 
concealed, even in the river beds, higher up, gradually rising to a greater and 
greater elevation above the present river level, the capping of drift at the same 
time becoming thinner and thinner^ This is well seen on the Toi, where at Mo- 
ghal Kot the drifts are fully 300 feet thick, forming a vertical wall on either side 
of the river, whereas opposite Parwara they are reduced to 50 feet or less, although 
their upper surface is about the same height above the river as at Moghal Kot. 
From Ais it would appear that the inclination of the ancient valley floor was less 
than that of the present river, and yet the size of many of the boulders included 
in the drift, as compared with the shingle now moved by the rider indicates that 
the fall of the river in former times cannot have been less, and was probably greater 
than it is now. If this be the case, it follows that since the 
elevatwn.*^^^ deposition of the drifts, there has been a gradual tilting of 

the ground in a direction parallel to the folding that took 
place after the deposition of the Siwafiks. It is possible that the earlier folding 
may have partly determined the position in which the drifts were deposited, but the 
coarseness of the material of which they are composed appears to require that the 
flow of water in former times was greater than it is now, and that a great change of 
climate has taken place in these regions. In some instances the drift tenaces 
extend upwards into the gorges cut through the main range, as in the Zao defile 
(see sketch in Mr. Griesbach’s report. Figure 5), (^) and they are very conspicuous 
in the Tiri' or belt of country between the main range and the lofty ridge of 
Lower Tertiary rocks facing it (see Plate V), 


Economic Geology. 

The only mineral of practical importance found in the Sherani Hills is the 
, petroleum which occurs in small quantities near the village 

Mineral 01 . Moghal Kot on the Toi river, where it oozes at several 

points from the thick band of quartzose sandstone near the top of the Lower 
Nummulitics, and is collected from shallow pits dug in the sand on the river bank 
at water level. The oil is of excellent quality, as determined by analysis made 
by Mr. Holland in the laboratory of the Geological Survey, but does not occur in 
suflSicient quantity under present conditions to be of commercial value. 1 have 
already pointed out that it is possible that the flow may be increased to some extent by 
borings, but that the geological conditions are not such as to lead us to expect that a 
large accumulation of oil can be tapped within a reasonable depth from the surface. 

Before leaving Dera Ismail Khan for the hills I was informed by the Deputy 
j Commissioner that some of the military officers who had 

* visited the hills had reported the existence of coal on the 

river Toi near Moghal Kot, and Mr. Griesbach also mentions the report of coal 
being found in the same locality, “in the neighbourhood of the Dana pass,” 
the Chuakhel Dhana.(*) In the gorge above Moghal Kot, in which the oil springs 


0 ) Records, G. S. I., Vol. XVII, Pt. 2, p. x$3. 
O ]Records, G. S. I , Vol XVII., Pt 4* P* 188. 
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occur, there are certainly some bands of carbonaceous shale, which I have marked 
in the section of that gorpre attached to my report on the oil, but these are of no 
value whatever. In the middle nummnlitic sandstones also there are occasional 
thin strings of coal, but no seams, nor did I discover or hear of any in the whole 
area examined by me. 

There is an unlimited supply of gypsum in the basement beds of the upper 
G sum. Nummulitics. In the section at Zor Shahr given 

^ * at page 87, there are twelve beds of this mineral one foot thick 

or more, with a total thickness of 50 feet. But gypsum is of such common occur- 
rence in the more settled districts, both to the north and south, that its existence 
in the Sherani Hills cannot be said to possess any practical importance at present. 

Traces of sulphur were observed in the upper Nummulitic rocks near 
Sulphur. Domanda, apparently derived from the decomposition of 

iron pyrites, but I could not discover that it occurs any 
where in sufficient quantity to enable the people of the country to make use of it 
as they do in the hills west of Dera Ghazi Khan, where sulphur is found and 
worked in several localities, as described in Mr. Blanford^s Memoir, (i) 


Carboniferbus Fossils from Tenasserim : by Fritz Noetling, Ph, D, 
F.G.S., Pai<sontologisty Geological Survey of India (with a plate). 

The first information about the occurrence of a fauna of carboniferous age in 
Tenasserim was given by Dr. T. Oldham in his Notes on the Coal-fields and Tin- 
Stone Deposits of the Tenasserim Province.'"^ A fauna consisting of corals, gast- 
ropods, brachiopods, Crustacea was found in a series of sandstones, and grey shaly 
beds over these sandstones. This is, however, all that is known about this carbo- 
niferous fauna except a few remarks by Mr. Theobald,^ merely stating that a few 
fossils had been found at Zwah-ga-byn, a limestone hill near Moulmein. 

It is, however, not known what has become of the fossils mentioned by 
these gentlemen. They are not in the collection of the Geological Survey of India, 
and they were certainly never described in detail. 

Under these rircumstances it is most satisfactory that Mr. Bose has lately ob- 
tained a small series from the limestone hills near Therabwin in Tenasserim, which 
though rather ill-preserved is sufficient to decide definitely the question of the age 
of the Moulmein group. The fossils were found weathered and sticking out on 
the surface of a hard dark limestone, having apparently undergone a partial silicifi- 
cation. ^ Tnis mode of pr^ervation has been most fatalto the finer structure of the 
foraminifera and corals, it being nearly entirely destroyed. There still remain, 
however, such characteristics as are sufficient for determination. As regards the 


^ Memoirs, G. S. I, Vol XX, Pt 2, p. 126. 

^ Rermds of the Government of India, Home Department, No. X, 1856* 
Papers on Burma, page 375. * 

* On the Geology of Pegu, Memoirs, Geol. Surv. of India, Vol. X. 
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brachiopods and gastropods, they are so badly damaged that theii specific identity 
cannot be established ; in one case, however — ^that of Productus cf. sumatrensis — 
there is still a sufficient number of characteristics visible to siy that the Burma 
species is closely related to either Prod, sumalrensiSf F. Roemer, or Prod, suh^costa^ 
tus^ Waag. and Wentzel. 

As according to Dr. Oldham’s division, the limestone series is younger than the 
sandstone series, the fauna from Therabwin must be of younger age than that 
mentioned by Mr, Oldham, though probably of the same age as that from Zwah-ga- 
byn hill. The following species have been distinguished 

I Schwageriaa oldhami, spec, nov. 

3 Lonsdaleia seltnaria, Waag. and Wentz, 

3 Litbostrotion, spec. nov. 

4 Arsepora cf. ramosa, Waag and Wentz. 

5 Polypora cf. biarmica, Keyserl. 

6 Productus cf. sumatrensis, F. Roemer. 

y’Athyris, ap. 

8 Spirifer, sp 

9 Bellerophon, sp. 

10 Pleurotomaria aff, durga, Waagen. 

11 Mnrchisonia, sp, 

So &r as any conclusions may be drawn from the above species the chief inter- 
est lies in the fact of the association of Indian forms with those known fiom 
Sumatra. The genus Schwagertna does not occur in the Salt Range, but it is very 
common in the carboniferous limestone of Sumatra ; on the other hand, the char- 
acteristic form of Zondsdaleia salinarta from the middle productus limestone (Salt- 
Range) is represented amongst the Burma fossils, while apparently a newform is re- 
presented by Lithostroiion^ sp. As regards the Productus described as cf. sumatren- 
sis, it is difficult to say, owing to the state of preservation, whether it represents the 
Sumatran species or that of the Salt Range, or whether it takes altogether an intei me- 
diate place, For reasons stated in the description, I think it m be closer allied to 
Prod, sumatrensis. The remainder of the fossils calls for no special remarks. The 
fauna may therefoie be said to represent one in vhich Indian and Sumatian types 
are mixed j thus forming the connecting link between both areas. This is not 
astonishing ; in fact it might have have been expected d priori : considering that 
Therabwin in Tenasserim is, in a straight line, only about 500 miles from the coast 
of Sumatra, while it is more than four times the distance from the Salt Range; one 
might in fact have expected a smaller number of Indian forms. I have no doubt that, 
once the Tenasserim carbonifeious fauna is represented by more and better pre- 
served specimens, it will be found that it beais u closer affinity to the Sumatran 
than to the Indian carboniferous strata. 

Regarding the age, the fauna seems to tend to the upper carboniferous period. 

Sckwagertna oldhami^ spec, nav, PI. fig. 1, la. 

This form is the most common species among the fossils from Therabwin, and 
although it is nevei well preserved the examination of a large number of specimens 
affords sufficient reason for establishiug a new species. As already slated, it is im- 
possible to arrive at an exact information as to the internal structure because sub- 
crystalline infiltrcticns have largely obscured it. 
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The average size full-grown specimen has a diameter of 5 mm., and is about 
3 mm. in thickness. In lateral aspect the full-grown specimens are therefore flat 
elliptical, while the younger ones are globular. The depressions marking the 
longitudinal septa are well marked and nearly evenly distanced, but they do not 
extend to the edge of the shell, where a smooth well-de6ned space remains. 

Schwagerina oldhami is closely related to Schwagsrina vet beeki, Gein, sp., but 
the latter is easily distinguished by the more globular shape of full-grown specimens 
while the smooth keel on the edge of the shell is also absent, 

Lonsdaleia salinariaj Waagen and Wentzel. PI. fig, 2. 

1886. Lonsdaleia salinaria, Waagen and Wentzel, Palseont. Indie., Series XIII, Salt Range 
Fossils. Prodttctos Limestone Fossils, IV, 2, page 895, pL C., dgs. x, 3, 4. 

The only specimen shows distinctly the specific characters as described by 
Waagen, The corallum, an irregular-shaped mass, is astrseiform, corallites prismatic 
five to seven-sided. The columella is strongly projecting. The secondary wall 
is exceedingly well developed, but in thin sections the septa are seen to extend 
uninterruptedly from near die columella to the outer wall of the calices, and there 
is no distinct peripheral vesiculax zone. 

LUkostroHon, sp> nov* PI, fig 3. 

One of the most frequent species is a form which undoubtedly belongs to this 
genns. It generally occurs in large fasciculate masses, the corallites are tall, and 
some reach up to 26 mm. in diameter; they are cylindrical and slightly flexuous, 
frequently cemented together, without, however, affecting the general circular section. 
The epitheca is thin, the striae always well marked, calices deep and irregularly circular. 
The columella is rather thick and round; the septa thin and slightly curved ; there 
are plenty of interseptal vesicles. 

The species from Tenasserim closely resembles Lithostroiion apne^ Ret., but it 
seems that it is generally larger. Milne-Ewards ’ states that L. aMne is the largest 
of all fasciculate Lithostrotions, except L. camdense^ which is, however, easily 
distinguished by the shape of the corallites. As the Burma species is undoubt- 
edly larger than L. affine it probably represents a new species, to decide which 
more material is, however, required. 

Arsepora cf ramosa^ Waagen and Wentzel, Pi. fig. 4. 

t886. Ara^ora ramosa, Waagen and Wentzel, Palaeont. Indie., Series XIII, Salt Range 
Fossils. Prodnetns Limestone Fossils, IV, 2, page 839, pi. CVI, fig, 8.9. 

There are several fragments of a massive, arborescent corallum, apparently parts 
of the branches, which are composed of numerous cylin^ical or polygonal 
corallites, radiating from an imaginary longitudinal axis. The surface is still partly 
covered with rather small calices, of irregular round shape, but very ill-preserved. 
Internal structure entirely destroyed. The chief characters by which the speci- 
men from Burma differs from the Indian type, seem to be’ that the corallites 
ere generally thinner and the calices smaller. The specimens are, however, not 
sufficient to allow fox the establishment of a new species. 

I British Fossil Corals, page 20a 
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Polypora cf, biarmica^ Keyserling. 

1886. Folypora cf. biarmica^ Waagen, Palseont. Indie., Series XIII, Salt Range Fossils 
Productus Limestone Fossils, IV, 2, page 791, pi. XC, figs. 5, 6, 7. 

There are a few fragments of a Bryozoon that might be referred to the above 
species ; as far as its characters can be observed, it agrees fairly well with Waagen’s 
figure of the above species, but, of course, only more and better preserved speci- 
mens will decide the question. 

Athyrts, sp% 

k small brachiopod, the larger part of which is still imbedded in the rock, might 
be referred to the above genus. The apical angle is a little above 90° ; the beak 
thick and depressed. The surface is covered with fine radial ribs, which occa- 
sionally bifurcate ; these aie crossed by not very numerous but strong strise of 
growth, which are on both valves well marked. These characters are insufficient 
for a specific determination, but it undoubtedly belongs to the group of Athyris 
rqysm, Leo. 

Spirzfer, sp, 

A small ill-preserved dorsal valve might perhap belong to this genns. 

Productus cfs sumairensisy F. Rcemer. PI. fig. 4, 442, 

1880. Producius sumairensis, F. Roemer, Ueber nine Koblenkalk fauna der Westkueste 
von Samatra. Pakentograpbica, Vol, XXVII, page 5, pi. I. fig^. 4a and 46. 

This single specimen of a Productus is too ill-preserved to allow of an absolutely 
correct definition. From the sculpture of the valves it is, however, quite certain that 
is closely related to either Productus subcostatus, Waagen, or to Productus suma- 
irensis, F. Rcemer. Waagen states that for a long time he himself considered Prod, 
suicosiatus identical with Prod, sumatrensts, but he eventually came to tbe conclu- 
sion that the Indian species must be different from that of Sumatra, and therefore 
receive a new name. Now the main difference between Prod, subcostatus and Prod, 
sumairensis consists in the presence of long and strong spines scattered over the 
whole surface, of the ventral valve, and three or four deep grooves on each side of 
the dorsal valve which correspond to the strong spines on the other valve in the 
first species. The Burma specimen is unfortunately too fragmentary to allow of 
the examination of such delicate differences. There is only the dorsal valve open to 
examination, and of the ventral valve only a small part can be seen ; besides 
being badly damaged on both sides. The sculpture consists of strong radial ribs, 
broader than their interstices, which wre crossed near the apex by a system of 
concentric folds in the ventral valve, and a similar structure in the dorsal valve, 
except that the concentric folds extend as far as the visceral part of the valve. 
No traces of spines being noticed on the dorsal valve, I am inclined to compare-this 
specimen with Prod, sumairensis rather than with Prod, subcostatus. 

Plmroiomaria sp. off. durga^ Waagen. 

FUwroiomaiia durga, Waagen, Palaeont. Iodic., Series XIII, Salt Range Fossils* Prodnetas 
Limestone Fossils, IV, 2, page ng, pi, X, fig. 1. 

A small, depressed, conical shell, consisting of about four whorls : seems closely 
related to the above species. There seem to be thiee principal ridges on the last 
whorl, between which fine thread-like ribs are observable. The specimen is 
. altogetliipr too badly preserved to allow of any exact determination. 
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Bellerophorty sp, PI , fig. 5, 

Theie aie (out specimens of one or perhaps two species of Bellerophon, which 
aie, howe\er, so badly preserved that a specific detetmination is impossible. 

The largei specimen measures 44 mm. m diameter : the height from the top 
of the pieceding to the bottom of the last whorl being 33 mm. No suiface 
acnlptuie is traceable, but the species is remarkable for a deep though nairow 
umbilicus which was certainly not closed. Amongst the Salt Range species I cannot 
find any resembling this one as regaids the deep and open umbilicus, and as 
Bellerophon asialicus, Rom., la not sufficiently described and figured I am unable 
to say how fat the Burma species is related to that of Sumatra. 

Thiee smaller specimens resemble the big one by the deep umbilicus ; no 
surface sculptuie noticeable. These are probably only young individuals. 


explanation of plate. 

Fig. I. Shevt'agertna oldhami, spec nov. 

Fig. i«. — h. Ditto ditto double natural size, 

r’lg. 2 Lonsdaelia sahnaria^ Waag and Went, 

Fig. 3, LithosiroHon^ spec, nov. 

Fig, 3fl. Ditto ditto. 

Fig 4 and 40. Productus sumairensts, F. Roemer 
Fig 5 and 5a. Bellerophon^ sp. 


On a deep Boring at Chandernagoie. by ft. D. Oudham, A.R.S.M.J 
Superintendent^ Geological Survey of India* 

Through the courtesy of M. Aubiey Lecomte, Adminislrateur Principal of Chander- 
nagore, I have been favoured with a detailed section and very fine senes oS specimens 
of the beds passed through in a boring sunk at that town in the hopes of finding 
water. The expeiiment has now been abandoned, and it is consequently desirable 
that the detailed section should be put on record It is accordingly printed here 
verbatim as received, the only addition being the insertion Of the total depths to the 
bottom of each stratum and the equivalent of the metres in feet. 

The section requires but httie comment. The bed No. 13 is evidently the 
equivalent of the peat bed found near Calcutta at depths of from 30 to 35 feetj No. 
is peculiar as containing numerous sub-angular fragments of felspar which must 
have been derived from some exposure of gneiss, a granite in the neghbourhood, 
which has since been covered up by alluvium owing to the subsidence which has 
taken place in the Gangetic delta; the specimen also contains a fragment of 
hone, apparently, a turtle, converted into oxide of iron. 
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Tableau indiquant le nombre etla nature des couches renconti des pendant 
le forage des putts artesien de Chandernagor. 





Thickness, 

Depth. 

Thickness, 

Depth. 

Na 

I. 

Terre vig^tale • . • . 

Metres. 

o'8o 


Feet. 

2*69 



2. 

Sable iin micac^ d'^n blanc sale tn^ld 
de coqailles et de nodules calcaires 

1*35 

9*15 

4*49 

70s 


3> 

Sable {in micacd d'un blanc jaun&tre 
mfild idg&rement de nodules calcaires 

o*4S 

960 

1*47 

8*52 


4- 

Sable fin micacd d*un jaune rouge&tre 

o*2S 

985 

*82 

9 34 


s. 

Sable 6n micacd d^un blanc jauniLtre , 

0*30 

3 IS 

•98 

10*39 


6. 

Sable fin micacd d'un gris cendrd , 

0*60 

3*75 

1*97 

12 29 

91 

7. 

Argile sublease d'un gris foncd . 

0-3S 

4*10 

i*iS 

*3*44 

*> 

8. 

Argile grisiftre mSIde de ddbrie de co- 
quilles et de nodules calcaires . 

0*55 

4*75 

9*14 

IS 58 

n 

9. 

Argile d’un noir gris&tre * . 

950 

7*25 

8-91 

23*79 

V 

10. 

Sable 6n micacd gris&tre . . • 

1*40 

86s 

4*59 

28*38 

ff 

II. 

Arnie noire plastique rafilde Idgirement 
de concretions ferrngineases . 

0-54 

9*19 

1*77 

30*15 


19. 

Argile noir stratifid mdlde Idgbrement 
de bots po arris .... 

0*65 

9*84 

9*13 

33 98 


13- 

Tourbe ...... 

9*36 

19*90 

7*55 

4003 


14. 

Argile gris'^noir mSid de toates petites 
concrdiions {errugineuses . , 

1*66 

13*86 

5'44 

45*47 

}* 

X5. 

Argile grlse raSIde de petites conerd- 
tions calcaires . . • , 

1*00 

14*86 

398 

48*75 

V 

16. 

Argile colorde en jaone et noir mllde 
de conerdtions calcaires . . 

Z90 

16*76 

6*93 

54*58 

ft 


Argile micarde colorde Idgdrenient en 
jaune par du carbon ite de ter , 

9*10 

18 86 

6*90 

6188 

tt 

18. 

Argile d’un jaane pale tndlde de 
nodules calcaires et soulllde Idgbre- 
ment de carbonate de for , » 

9*99 

91*IS 

7'S* 

®939 


19. 

Argile bleu Atre tad de en jaune par da 
carbonate de for . . . . 

0*40 

2* ’55 

r3i 

70*70 

tt 

SO. 

Argile jaunAtre inAlde de conerdtions 
calcaires ..... 

9*95 

93*80 

7*38 

78 08^ 

tt 

SI. 

Argile bleuAtre colorde en roage et en 
jaune par du pdrozjrde de fer et de 
carbonate de fer . . • 

0*95 

«4 7S 

3*19 

8i*flo 

r 

1 

2S. 

Argile colorde en jaune par du car- 
bonate de fer . . * • 

8*38 

33'i3 

97*50 

108*70 
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Ihicknes. 

Depth* 

Ihicknes. 

Depth. 

No. 23, 

Argile sableuss ta^\6e de graviers • 

Metres. 

o-SS 

33’68 

Feet. 

i-8o 

iio‘So 


24. 

Argile d’nn gris pale colorde en jaune 
par du carbonate do fer et m^lde do 
nodules ferrugineuses . . 

4‘6o 

38’28 

15*10 

125-50 

9» 

2$. 

Argile d*ua jaune sale mteaede siratifide 
colorde en jaune par da carbonate 
de fer « , • , , 

i*iS 

39*43 

3*77 

129*37 


26, 

Argile d*un blanc sale tnlcacde • 

»*SS 

40*98 

5*09 

134*46 

1* 

27. 

Argile sableuse miraede souillde d’oz- 
yde de fer . , . 

o’SS 

41*53 

x’8o 

136*26 


38. 

Argile colorde en jaune par du carbo- 
itate de fer , . . , . 

ro3 

43-56 

3*37 

13963 

tt 

29. 

Ocre jaune 

3*40 

45*96 

iri6 

ISO 79 

II 

30. 

Sable argileux micacd tn&ld de nodules 
ferrugineuses .... 

0*90 

4685 

a*95 

*53 74 


31. 

Sable argileux micacd souilld d* oxyde 
de fer ..... 

i ’35 

4821 

4*44 

158 18 

>1 

3a. 

Sable moyen et fin micacd tn^id de 
pdtrification caillouxanguleux nodu- 
les ferrugineuses .... 

24'30 

72*5* 

79’8t 

237*99 

11 

33- 

Sable 6n micacd grisdtre , , 

1*46 

73*97 

4*79 

342-78 

ft 

34. 

Sable moyen micacd d’un blanc grisiUre 

P 

• *« 

t » 





Note on Granite in the districist of Tavoy and Mergui, by P. N. BosE, 
B Sc., (Lend,), F.G.S,, Deputy Superintendent^ Geological Survey of 
India, (With a plate). 

The occurrence of granite in the districts of Tavoy and Mergui has an econo- 
mic importance owing to the usual restriction of tin-ore in its vicinity. It is mainly 
met with in, though it does not entirely form three parallel ranges running in a 
general north-south direction. The easternmost of these ranges runs along or 
close to the boundary between Siam and the districts mentioned above, forming a 
well-marked watershed, the rivers on the Siam side flowing into the Gulf of Siam, 
and those on the Burma side running into the Mergui Archipelago. In this range, 
granite is known to occur at the following places 

I, Renong, east of the Pakchan river, 

3. The headwaters of the Leuya and. of the Little Tenasserim rivers. 
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3. The Siam frontier, east of the town of Tenasserim. 

4. Parts of the Siam frontier in the district of Tavoy. 

The middle one of the three ranges mentioned above forms the western bound- 
ary of the Pakchan, the Lenya, and the Tenasserim valleys. In it, granite has been 
noted at the following localities : — 

1. Victoria Point — southernmost extremity of the district of Mergui. 

2. Maliwun. 

3. Sangdi Bdle (west of Namnwe). 

4 - Chaungtanang. 

5. Inner Bokpyn. 

6. North-west and south-west of Tenasserim. 

7. Sixteen miles west of Tavoy, on the way to the Siamese frontier. 

In the western range, granite has been found to occur in the southern part of 
the Henzai basin at a place called Oblingwin and at Maungmagan ten miles north- 
west of Tavoy. In the district of Mergui, the continuity of this range has been in- 
terrupted by submergence. But portions of it are to be met with in some of the 
islands of the Mergui Archipelago, as, for instance, the King's island, west of 
Mergui, and Silver island, west of Bokpyn. 

The intrasive character of the granite was clearly observed at various places. 
Schists, the result evidently of contact-metamorphism, were found in contact with 
it at Maliwun and several other places, On an island west of Bokpyn in the 
Mergui district which is called Silver island, from the abundance of silvery white 
mica in the granite occurring there, small branching veins of it were found pene- 
trating through micaceous schists. The junction is well seen here. Close to it 
the micaceous schist has lost its schistosity and has developed in it numerous cr} s- 
lals of tourmaline which are relatively very large at the line of junction (PI. fig. i). 
A sample from Chungtanang, some distance south of Bokpyn, shows similar junction. 
Here, however, the tourmaline crystals are not specially well developed at the line of 
junction (PI, fig. a). The intrusion of the granite appears to have affected the 
adjacent rocks for some distance j and several outcrops of phyllites and slaty rocks 
in its vicinity (as at Maliwun and Victoria Point), which the season before last I took 
on a hurried examination to belong to the transition series, appear to me now in the 
light of what I saw last season, to belong probably to the Moulmein Group which is of 
carboniferous age. About four miles west of the village of Tenasserim (between that 
place and Marton) 1 encountered some slaty rocks of a distinctly transitional aspect. 
They are within two miles or so of a great mass (jf granite ; and though, owing to 
absence of good sections, they could not be satiafiactorily brought into relation with 
the less altered members of the adjacent Moulmein Group, it appeared to me highly 
probable that they belong to it, and that their greater melamorphism was due to 
contact action. 
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GEOLOGICAL SURVEY OF INDIA DEPARTMENT, 
TRI-MONTHLY NOTES. 

No. i6. — Ending 31ST July 1893. 


Director's 0 $ce^ Calcutta^ ^uly /( 9 pj, 

All the officers of the Survey are now in reces*?, their field work havin'^ ^rrdiully 
come to a close duiing the last three months. Mr. Superintendent R. D. Oldham 
left India on fifteen months’ furlough on the 1 8th July 1893, and Dr. NoetUng 
availed himself of privilege leave on the rsth idem. 

The most important feature of our progress hsis been in the literary work of the 
deoartment, as signalized bv the completion of the second edition of the Manual of 
the Geology of India, by Mr. R. D. Oldham. As stated in the Prefatory Notice 
of this new edition : 

In the beginning of 1S87 ray piedecessor, Mr. Medlicott, wrote as follows in his Annual Repot t of 
the Geological Survey The two Gi st parts of the Mantial of the Geology of In lia, issued in iS7<}, 
have been out of ptint for some time, ami the qiie.tion of re-writing it has been much upon my mmd. 
Parts of it would require abi idgmo rl, leaving local infutmition to bes rught foi in the special Moinoits ; 
and parts of it would need alteration and addition in view of extended inlormation. The greater part 
of the two volumes was Written by Mr. Blanfoid, who was for the time leiieved of other work, 'to 
re-wiite the whole while carrying on tnc manifold current duties of the S irvey has been raoro than 
1 could attempt in India with any I'u .tice to either.” 

The directing ol the Survey since Mr. Medlicott* 5 retirement is even fullft of current duties, not 
the least of which has been a considerably increased system ol fiequcnb tours over the length and 
breadth of the land ; so that, however pressing it may also have been on my mind, I have been unable 
even to venture on the elaboration ot a revised I01 m ol Messrs. Medlicott and Blanford’s most excel* 
lent work j and I therefore gladly accepted Mr. R. D. Oldham’s offer to prepare a fresh issue, accord* 
ant with our progressive survey of the Empire. 

Mr. Oldham had had a varied experience of survey work over widely separated tracts in India 
whore he had opportunities of studying most of our representative formations in thei- peoinsolar and 
extra-peninsular development', while of his own motion he devoted his first period of well-earned leave 
to a comparative study of our Gondwdna representative, in Australia. His close acquaintance with 
the literature, as evidenced in the ca eful Bibliography of Indian Geology ^ compiled by him in t8bH, 
had already indee I predisposed mo in favour of a possible ultimate placing ot a second issue of the 
Manual in his handstand in now authorising that issue I would fain hope that my choice may bo 
justified. 

I may add that a considerable part of the book has been largely re*wiUen by 
Mr. Oldham ; while the subjects of the Carboniferous and Triassic rocks of Extra- 
Peninsular India, the age and origin of the Himalayas, and the Geological history of 
the Indian Peninsula are discussed with a newness entirely attributable to his varied 
travel in India, and his grasp of the results worked out by his colleagues and him- 
self. The issue of the book in the more convenient form of a single volume which, 
according to the whim of the reader, may be broken up into even more handy 
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sections throngh the page separation of the chapters ; and a re-adjnstment and in- 
crease of the plates and illustrations will be> it is hoped, an acceptable change on 
the aspect of the original edition. * 

A new fasciculus (Part I, Vol. II, Sec. IX) of the False intologia Indica, on the 
Echinoidea of Cutch, by Mr. J. W. Gregory of the Natural History Department, 
British Museum, was issued in July. 

The gratifying intelligence was received in June from our friend Professor Ed. 
Suess of Vienna, that the large series of fossils collected last year during the Central 
Himalayan Expedition is now under active study and description. Dr. Diener 
himself is hard at work with the lower triassic Cephalopoda, towards the illus- 
tration of which we have already received ten of the fifteen plates which it is presumed 
will complete this section of the work. It is understood that all these Muschel- 
kalk forms are new except two. Oberbergrath von Mojsisovics, who is investigat- 
ing the upper trias forms, notes that the lower Himalayan trias contains several 
forms of the Siberian trias, and that Austrian types occur in the higher beds. 
Professor Uhlig and Dr. Eiancis Suess are engaged on the fossils of the Spiti 
beds, which will require from forty to fifty illustrative plates; while Dr. Bittner has 
undertaken the Rhoetic fossils. 

The interest attached to this remarkable and richly representative collection 
of fossils may indeed be estimated from the consideration that our publication 
of the results is expected by the Austrian savants to bring about quite a change 
in the aspect of a good port of the Mesozoic marine fauntie The whole series, in- 
cluding the fossils previously sent to Vienna, which were originally collected by 
Stoliczka, Godwin-Auslcn, Theobald, Hughes, Griesbach, and Lydekker is so 
far-reaching in its bearings that it has been brought into comparative study with the 
fossils collected by Bogdanovitch and the Russian geologists during their sojourn 
in the Pamir and Kuenlun, which have been sent down to Vienna from the St. 
Petersburg Institute of Mines. 

The Bhaganwala coal-field exploration was closed on the 6th July. It is 
gathered from Mr. LaTouche’s abstract repoit on the field that: 

*'The evidence of the distribution of coal in this field is of two hinds, (a) that affoided by the 
natural outcrops, which surround the greater part of the area, and (d) that afforded by the diiftr^ 
which have been put in at various points along the outcrops. 

^a) A study of the first shows that the distribution of coal is extremely irregular, and that the 
good coal of workable thickness which is exposed at certain points dies out, if traced rfong 
the outcrops, and becomes replaced by sandstones and shales. 

{h) This evidence is borne out by tlut of the drifts, none of which, except those that were started 
in good coal at the outcrop, h ave proved the existence of a workable seam further in, or even 
an improvement in the outcrop indications. 

*'The conclurion to be drawn is that in making an esiimate of the quantiiy of coal available, we 
are justified in taking into account only those areas in which the existence of good coal has been 
proved, and adding an amount, not actually proved, depending on the distance beyond those ars!^, to 
which the coal seam may be reasonably supposol to extwd. 

** The amounts thus calculated are— 

From the areas actually proved, 88,480 tons. 

From those in which the existence of good coal may be reasonably assumed, about 900,000 
tons ; or a total of, say, one mtlUon tons of coal. 

** The conditions under which the coal isfound arc distinctly favourable for mining purposes, as 
the workings will have a good floor and roof of sandstone, and except where the mines are carried to 
a conriderable depth, no great influx of water need be anticipated.'* 
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Field operations in Burma were closed early in May ; and reports have been sent 
in to the Burma Government by Dr, Noetlmgfor the Wuntho Division of the Katha 
District, and by Mr. Bose for the Tennassaiim Distiict. 

The Director returned from touring in Burma on the 13th of May, whither he 
had gone on the i8th of April, closing the month with a short visit to the Waiora 
Collieiies in the Central Provinces. At Rangoon, he conferred with the Financial 
Commissioner on the examination of the repoited gold finds in the Wuntho Divi- 
sion ; and then proceeded to an inspection of the coal tract on the great Tenas- 
serim river which was being explored by Mr. Bose, assisted by Mr. Datta. The 
auriferous tract in Wuntho, which may extend over a very large area, some a, 000 
square miles, has only been touched as it were ; the efforts of Dr. Noetling having 
been devoted to an examination of several spots indicated by applicants for pro- 
specting or leasing blocks, adjacent to which block surveys were being made 
by the Survey of India party. The area so far appears to be one of extensive 
development of volcanic agglomerates and diorites, occasionally traversed by 
quartz veins some of which are amiferous ; but a fair estimate of the possibilities 
of the region cannot be formed until a more extended geological examination 
is made, after the rains and their effects in such a wild jungly region have cleared 
off. 

The coal exploration in Tenasserim is closed ; and Mr. Bose’s report confirms 
the previous estimate by Mr. Hughes, namely, that the presumable quantity of avail- 
able coal under not dittcult working is about a million tons ; extended and deeper 
working might yield half as much again. 

While prosecuting this exploration Mr, Bose was foiiunate in obtaining a small 
collection of fossils from the strange cavernous limestones in the formation below 
the series in which the coal just mentioned occurs, which piove the long apptehend- 
ed carboniferous ago of this yet lower series ; though the few carbonaceous traces 
occurring in this series are too poor to be considered of any commeicial value. A 
description of these finds is furnished in the present number of the Records by 
Dr. Noetling, the Palaeontologist. 

Mr. Middlcmiss has completed his survey of the Hazara District ; and is now 
engaged on the preparation of a Memoir on its geology. Towards the end of 
this season a further find of what seemed to be a promising outcrop of coal was 
made near Juswal among the hills, four miles south-east of Abboltabad in the valley 
of the Dote river, though at a height of 2,500 feet above the level of (he river, up 
the very steep slope of a rather inaccessible ridge. The coal is much like that in 
Hewson’s locality, to the north-east of Abbottabad, z. tf,, much crashed up and 
mashed by being cut through and through by shear planes; and being locally 
from 10 to 17 feet thick, it looked much more promising than that of Hewson’s 
shaft. A very careful extraction of foot by foot of a large sample was sent down to 
Calcutta, but on assay (given in the list of assays appended further on), the percent- 
age of ash in 9 feet, averaging 46*03, is altogether prohibitive. At the tenth fool, 
there is a decided improvement, with only lyso of ash and 65*80 of fixed carbon 
but below this the average ash percentage is again a$ high as 31*95 ; so that the best 
we can say is that the better portion of the seam can only be useful for brick and 
lime burning. 
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Tri-monthly Notes. 


List of assays anA examinations made in the Laboratory^ Geological 
Survey of Indta^ during the months of May ^ June, and July rSgj, 


Substance. 


For Tvhom. 



I specimen of Anara VaUcy Proximate analysis, with calorific power and sulphur deter- 
coal. Coal Syndicate mination. 

Calcutta 


16 specimens of C. S MiddlemisSi 
cou, from Be Deputy buper* 

f artnal near intendent, Geo- 

uswal, Hazara. logical Survey 

of India. 



the top} first 
J^Jeet’'’ 


Quantity re- 4 lbs. 
cevoed. 

Ash percent- S3*o4 
age. 

Colour of ash Reddish grey. 



*'5 feet from 
the top** 

** 6 feet from 
the top,** 

3 lhs, 

3 lbs. 

58*70 

37*13 

light red. 

Light red. 



feet from ^*8 feet from **9 feet front 
the top** the top** the iop^* 


Quantity 4 lbs. 

received. 

Ash percent* 54*53 


3hlio, 

37’6 o 


3 lbs. 
35*20 


ace. 
!!oIoui of 


ash Light red. Reddish grey. Dark red. 


**IQ feet from the top,** 

Quantify received ...... 3 lbs. 

Moisture . . .«.<••• 5*30 

Volatile maitei (exclusive of mi^tuie) ■ • irSo 

Fixed carbon . 65*80 

Ash • . 17*30 


JOO'OO 


Does not cake. Ash— light red. 
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List of assays and examinations made in the Laboratory, Geological 
Survey of India, during the months of May^ June, and July 
continued. 



For 'whom. 


Result. 


the top.*^ 

Quantity re- 4 lbs, 
leived 

Ash percent- 33*20 
age. 

Qjlour of ash Light red. 


9 

ro 

*'is feet from 
the top,*' 

'*t3 feet from 
the top,** 

3h lbs. 

3 lbs. 

34*12 

22*60 

Light red. 

Red. 



*14 feet from I *‘tS feet from **i6 feet from 
ike top,’* I the top.** the top,* 


Quantity re- 4 tbs, 4 tbs, gibs, 

ievoed. 

Ash percent- 21*20 35‘So 22*48 

age. 

Colour of ash Red. Reddish giuy. Red. 



Quantity 
received. 
Ash percent 
age. 

Colour of ash 


y 3 lbs 

# 

eol- 32*93 

ash Dark red. 


4 lbs, 
56 13 


Selected 
speemen, 
aeparmetl 
near Jumot. 


Pi tbs, 
23'20 


Light I ed. Light red. 


One specimen of B. L. Tihioni . i--- n«rtt*o 
01 « for doteimin- ‘*^ 0 " Pyrites. 

atlon*’ from Ha- 
eaiibagh. 

One specimen of C.G. Bayne. Re- OuMniii,! 

Coal from Rwela venue ^cietary received , 

at Nan*Ken, to Chief Commis Moisture , , . 

BuriM. VolaBI. mtta- . 

Fixed carbon . . 

Ash ... 


y lbs, 

* 7 * 4 * 

38*66 

3a‘33 

li*6o 


100*00 


Does not cake. Ash— buff 
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Tri-monthly Notes. 


Li&t of assays and examinations made in the Laboratory ^ Geological 
Survey of Indiay during the months of May^ fane, and July 
iSp3 — continued. 




For whonii 


II specimens of R.A. DonnithorneJ Proximate analj^s, with calorific power, 
com. Secretary to the I 

Com missioners 
for the Port of 
Calcutta. 


3 specimens of Finlay, Muii and Proximate analysis, 
coal. Co., Calcutta. 


5 specimens of 
coal fiom the 
“Hosannah 
Seam, Pit I.” 

1 specimen sent as 
“ Ruby Silver 
Ore.” 

Three spedmenaof , 
iron ore, and one 
specimen of lime- 
stone 1 1 0 m 
Burma. 


Finlay, Muir and Proximate analysis. 
Co., Calcutta. 


C. M. P. Wright, Micaceous iron ore. 
Wnntho, Buinm. 


P. N. Bose, Geo- Iron ore (limonite) from Maha Champa 

Quantity recfvoed 4lhs, 

Contains .... 37*58 % Fe. 

Iron ore 0 imonite) fiow Therabwin ; — 

Quantity received pl&s. 

Contains .... 30*49 % Fe. 

Iron ore (limonite) from above Banlaw, Tenaaserim Vall^ 

Quantity received t lb . 6 og. 

Contains .... 36*06 % Fe. 

Limestone from Therabwin 

Quantity received i Ib^ 

Insoluble in dilute hydrochloric add . . 13*40 

Oxide of lion aud alumina .... ‘61 

Carbonate of bme 85*85 

Carbonate of magneda (by diffeience) . . *14 

100*00 


On. rf Friln, 

pyiitous fluaitz, Gedocical Sur- Contains no g^old* 
frtro Kabio- veyofindia. 
toung, about 3 
miles west of 
Pinion Village, 
north of _ Wnn- 
tho, Kawlin Sub- 
division, Burma. 

One specimen of R. A, D.^Sewdl, Galena, with quartz from the “WoiWngs at Organ”:— 
g^eoa and one Prospecting Offi- Qiumtit^ rec^eived ia Z6s. 

of iron pyrites. cw, Kewa yielded on assay — 6i*6o per cent, of iW, and 7 02, r6 dwi, 

™“®* 19 grs, of stiver to the ton of lead. 


lion pyrites. 
Contains no gold. 


Quantity received 4 lbs. 
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List of assays and examinations made in the Laboratory ^ Geological 
Survey of India, during the months of May, June, and July 
iSgg — concluded. 




For whom. 


3 spedmensofsop- P. N. Bose, Geo> Carbonaceous diale from '* Tagu**--Tenassc3im :► 


E osed Tremen* lojfical Suivey of 
eerite. India. 


India, 


QiianHiy received a lbs. 

Contains 87' 12 % ash. 

Ash— Darh biick ted. 

Carbonaceous shale from Woona, Tenasserim ValIoy« Mcr* 
gui District : — 

I QuanUty recHved 1 lb, 

\ Contains SS'oo % ash. 

Ash-light buff. 


I roecitnsn of coal Kilburn and Co., Proximate analysis, 
from Nazira, 4, Fairlie Place, 

Assam. Calcutta. 


1 spedmen of co^ Kilbum and Co., Pioximote analysis, 
from Makum, Di» ^ Fairlie Place, 
brugarh, Assam. Calculta. 


s spedmens coal . R. A.Donnithome, Proximate analysis with calorific power. 
Secretary to the 
Co m missionets 
for the port of 
Calcutta. 


zaribagh. 


nitic, in places granular. 


9 specimens of John Kinjg and Proximate analysis, with caloiific power and xulpbur detenrmi" 
coal from Dar> Co., Limited, 30, nation, 

jeeting. Strand Road, 

Calcutta. 


d spedmens of Finlay, Muir and Proximate analysis, 
coal. Co., Calcutta. 


One spedmen, of GBIandars, Arbuth* Assayed for gold, 
quarts with iron not and Co., 
pyrites and visible Calcutta, 
gold. 
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Notifitation by the Geological Survey of India during the months of May, 
June, and yuly iSgs, published in the " Gazette of India/' Part 
11. — Leave. 


Department. 

No. of 

Older and date. 

Name of officer. 

Nature of 
leave. 

With effect 
from 

Date of 
return. 

Rbharks. 

Geological Surv^ 
Department. 

935, dated 20th 
June 1893. 

1 F. N 0 e 1 1 i n g. 

! Palsontoli^st, 
Geolo^cal aur< 
vey. 

Privil^e 

iSth July 
1893. 

• et 

• •• 


Annual increments to graded officers sanctioned by the Government of 
India during May, June, and July iSggt 







'4 

Name of officer. 

From 

To 

With effect 
from 

No. and date 
of sanction. 

Remarks, 


R 

R 




R. D. Oldham, 
Superintendent, 
Geological Sur- 
vey. 

900 

950 

1st May 
1S93. 

Revenue and 

Agricultural 

Department 

No. dated 

25th May 1893. 


W. D, D. Edwards, 
Assistant S^erin- 
tendcnt, Geolo- 
gical Survey. 

3&0 

410 

1st July 
1893. 

Revfflue and 

Agricultural 
Department 

No. dated 

*59 

18th July 1893. 








Postal and Telegraphic Addresses of Officers. 


Name of Officer. 

Postal address. 

Nearest 1 elegmph Office. 

T. W. H. Hughes 

• 

■ 

• 

On furlough 

• # 

* 


C. L. Geibsbach 

« 

■ 

» 

Calcutta . 

• ♦ 

■ 

Calcutta. 

R. D. OtDIIAM 


* 

* 

On furlough. 




P, Bose . 

« 

• 

» 

Calcutta • 

* « 

• 

Calcutta. 

T. n. D, LaToochb 

* 

• 

• 

Dalbousie • 

a * 

a 

Dalhoude. 

C S. Middlbuiss 

* 


* 

Calcutta , 

* » 

* 

1 Calcutta. 

W. B* D. Edwards 

• 

t 

• 

Quetta 

* • 


Quetta, 

P. N. Datta 

0 

• 

• 

Calcutta . 

m * 

« 

Calcutta, 

F, Nobtling. 

• 

a 

• 

On leave 

e a 

« 


HiRA Lal . . 

* 


« 

Calcutta . 

* * 

a 

Calcutta. 

Kishbn Singh 

* 

* 

$ 

Mandra 

• a 

9 

Mandra. 
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Donations io the Museum. 


DONATIONS TO THE MUSEUM. 

Frobi 1ST May to 31ST JtTLY 1893. 

Nine specimens of minerals from Eckak Village, Chota Nagpore. 

Presented by M. Anderson, Calcutta. 
One specimen of “ Stone with the first glacial stride observed in the Carboniferous 
Boulder bed near Brauxton, New South Wales.” 

Presented by R. D. Oldham, Geological Survey op India. 
One specimen of Elaeolite-Syenite, from Junagadh, Kathiawar. 

Presented by J. W. Evans, D.Sc., L.L.B., F.G.S., Junagadh. 
Fifty specimens of rocks and minerals from the Madras Presidency, 

Presented by F. G. BR0ok>Fox, F.G.S., Chicacole, Ganjah District. 


ADDITIONS TO THE LIBRARY. 
From ist April to 30TH June 1893. 


Titles <f Boohs, Donors. 

Bronn’s Klosson und Ordnungen des Thier-Reichs. BandIV, Ucf. 28-30; and VI, 
Abth. IV, lief. 42-43. 8® Leipzig, 1893. 

Brown, H* F, Z.— Report on country in the neighbourhood of Lake Eyre, South 
Australia. Fisc. Pam. Adelaide, 1892. 


The Author. 


FritsCh, Dr. Ant , — Fauna der Gaskohle und der Kalksteine der Permformation 
Bdhmens. Band IIL, heft 2. 4® Prag, 1893. 

Klein, Dr, B. 5^.--Jahrbuch der Astronomie und Geophysik. III. Jahrgang, 1892. 
8® Leipzig, 1893. 

Marcou, y«Zes. — A little more light on the United States Geological Survey, 8® Pam. 
Cambridge, Mass, 1892. 


The Author. 


Marcou, On the classification of the Dyas, Trias, and Jura in North-West 

Texas. 8° Pam. Cambridge, Maas, 1892. 

The Author. 

Marcou, Second supplement to " Mapoteca Geologica Americana,” 1752-1881. 

8® Para, Cambridge, Mass, 1893, 

The Author. 


Nicholls, B, a, Alford,.— k Text-Book of Tropical Agriculture, with illustrations. 
8® London, 1892. 

Noetling, Dr. Fnto.— Notes on the Mineral Resources of Upper Burma. Fisc. 

Pam. Rangoon, 1893. Burma Government. 

Palasontologie Franjal^, x” s^rie, Animaux Invertehres. Terrains Tertiaires, feoc^ne 
j^hinides. Liv. 29. 8® Paris, 1893. 


*9 
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THUs of Books, Donors. 

Penck, Professor Dr, A. — The construction of a map of the world on a scale of i ; 
1,000,000 (from the Geographical Journal for March 1893). 

8® Pam. London, 1893. Tub Author. 

Troschel, Dr. F. H . — Das Gebiss der Schnecken zur Begrunddng Einer Naturlichen 
Classification. Band II, lief. 8. 4° Berlin, 1893. 

Watt, Dr, Geof'ga.—Dictionary of the Economic Products of India, Vol. VI, part a, 
8® Calcutta, 1893. Government of India# 


PERIODICALS, SERIALS, Etc. 

American Journal of Science. Vol. XLV, Nos. 268-270. 8® New Haven, 1893. 
American Naturalist. Vol. XXVII, Nos. 315-317* 8® Philadelphia, 1893. 

Annalen der Physik und Chemie. Neue Folge, Band XLVIII, heft 3-4, and XLIX, 
heft 1-2. 8° Leipzig, 1893, 

Annals and Magazine of Natural History. Vol. XI, Nos. 64>66. 8® London, 1893. 
Athenzeum. Nos. 3412-3424. 4 ® London, 1893. 

Bablatter zu den Annalen der Physik und Chemie. Band XVII, Nos. 3-4, 8® Leipzig, 

1893 

Chemical News, Vol. LXVII, Nos. 1738-1750. 4® London, 1893. 

Colliery Guardian. Vol. LXV, Nos, 1681-1693. Fol. London, 1893. 

Geological Magazine. New series. Decade III, Vol. X, Nos, 4.6. 8® London, 1893. 
Indian Engineering. Vol. XII, No. 22, and XIII, Nos. 13-23. Fisc, Calcutta, 1893. 

Pat. Doyik. 

Iron. Vol. XLI, Nos. 1053-1065. Fol. London, 1893. 

London, Edinburgh, and Dublin Philosophical Magazine, and Journal of Science. 5th 
series, Vol. XXXIII, No. 200 to XXXIV, No. 2115 and XXXV, 
Nos. 215.217. 8® London, 1892-1893. 

Mining Journal. Vol. LXIII , Nos. 3003-30i5< Fol. London, 1893. 

Natural Science. Vol, II, No, 12. 8® London and New York, 1893, 

Nature. Vol. XL VII, No, 1220 to XLVIII, N0.1232, 4® London, 1893. 

Neues Jahrbuch fur Mineralog^e, Geologic und Palaeontologic. Band I, heft. 2-3. 8® 
Stuttgart, 1893. 

Oil and Colourman*s Journal Vol. XIV, Nos, 152-154. 4® London, 1893. 
Palseontographica, Band XL, lief. i-2. 4® Stuttgart, 1893. 

Petermann's Geographischer Mitthwlungen. Band X 30 CIX, Nos. 4-5, and XL, No, 3. 

4® Gotha, 1893. The Editor. 

Scientific American. Vol. LXVIII, Nos. 9-21. Fol. New York, 1893. 

Scientific American. Supplement. Vol. XXXV, Nos. Sod-poS, Fol, New York, 1893, 
The Indian Engineer. Vol. XVI, Nos, 312-324. Fol Calcutta, 1893, 

J. MacIntyrb. 

The " Pioneer,” New series, 1st Edition, Vol. XCIV, Noa, 10002-10077. Fol. Alla- 
habad, 1893. SuFDT. OP Stationery. 

Zeitschrift ffir Krystallographie und Minerabgie. By P. Crolh. Band XXI, heft. 3-4. 
8® Lepzig, 1893, 


2o 
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Additions to the Library , 


GOVERNMENT SELECTIONS, REPORTS, Etc. 

Titles of Boohs, Donors, 

Bbnoal, — N otes on the District of Gaya, by G. A. Grierson. 8® Calcutta, 1893. 

Rev. and Aoric. Department, 

Bombay. — Selections from the Records of the Bombay Government. New Series, Nos. 
263, 265 and 266. Fisc. Bombay. 1892-1893. 

Bombay Government. 

India. — Census of India, 1891. Vol. XI, Part I, and XII, Part II. The Central Pro- 
vinces and Feudatories. Fisc. Calcutta, 1 1 93. 

Rev. and Aoric. Department. 

„ General Report on the Operations of the Survey of India Department for 1891- 
92. Fisc. Calcutta, 1893. Survey or India Department. 

„ List of Officers in the Survey and other Departments subordinate to the Gov- 
ernment of India in the Revenue and Agricultural Department, correct- 
ed to January 1893. 8® Calcutta, 1893. 

Rev. and Agrio. Department. 

„ Meteorological Observations recorded at seven stations in India, in the year 
1892, corrected and r^uced. 4® Calcutta, 1893. 

Meteoroeooical Reporter to Govt, op India. 

„ Monthly Weather Review, November 1892 to January 1893. 4® Calcutta, 1893. 

Meteorologicae Reporter to Govt, op India. 

„ Register of Original Observations, reduced and corrected, November 1892 to 
January 1893. 4® Calcutta, 1893. 

Meteorologicae Reporter to Govt, op Indu, 

„ Quart^ly Indian Army List New series, No, ig. 8® Calcutta, 1893, 

Government op India. 

Punjab.*— Gazetteer of the Hissar District, 1892. 8® Lahore 1893. 

^ Punjab Government. 

„ Gazetteer of the Karnal District, 1890. 8® Lahore, 1892. 

Punjab Government. 


TRANSACTIONS, PROCEEDINGS, etc., OF SOCIETIES, SURVEYS, Etc. 

Ballarat. — Annual Report of the Ballarat School of Mines, Indnstries and Science, for 
1892. 8® Ballarat, '1893. The School op Mines. 

Baltimore.— American Journal of Mathematics. Vol. XIV, Nos. 2-3. 4® Baltimore, 
1892. Johns Hopkins University. 

, Johns Hopkins University Circulars. Vol. XII, Nos. 104-105. 4° Balti- 
more, 1893. Johns Hopkins University^ 

Bombay.— Journal of the Bombay Natural History Society. Vol. VII, No. 4. 8® 
Bombay, 1893. The Society. 

Boston.— Memoirs of the Boston Society of Natural History. Vol. IV, No. 10. 4* 
Boston, 1892. The Society. 

„ Proceedings of the Boston Society of Natural History, Vol, XXV, parts 3-4. 

8® Boston, 1892. The Society. 
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TitUs of BooH Donors. 

Budapest. — ^Termeszetrajzi Fuzetek. Vol. XV, No 4. 8° Budapest, 1893. 

Thb Hungarian National Museum. 

Caen.— Bulletin de la Socidt6 Linndenne de Normandie. 4"*' serie, Vol. VI, fasc. 4. S'* 
Caen, 1892. Tul Society. 

„ Mdmoires dc la Socidld Linndenne de Normandie. Vol. XVII, fasc. i. 4® 
Caen, 1892. The Society, 

Calcutta.— Journal of the Asiatic Society of Bengal. 

Vol. LX, Part I, No. 3 (iSgi). 

„ LXI, Part I* extra number (1892)5 and No. 4 (1893) 5 and Part II, 
Nos. 1-3 (1893). 

„ LXII, Part I, No. 1 5 Part II, No. 1 5 and Part III, No. i {1893). 8® 

Calcutta, 1891-1893. The Society, 

i, Proceedings of the Asiatic Society of Bengal, Nos, 2 and 10 (1892) ; and 
Nos. 1-5 (1893). 8® Calcutta, 1892-1893. The Society. 

„ Records of the Geological Survey of India, Vol. XXVI, parts 1-2. 8" 
Calcutta, 1893. Geological Survey or India. 

„ Survey of India Department Notes for March to May 1893, Fisc. Calcutta. 

1893. Survey op India Department. 

Cambridge.— Proceedings of the Cambridge Philosophical Society. Vol. VIU, part r* 
8® Cambridge, 1893, The Society. 

„ Twenty-seventh Annual Report of the Museums and Lecture Rooms 
Syndicate, Cambridge University, for the year 1892. 4® Cambridge, 
1893. Tub University. 

Cambridge, Mass.— Bulletin of the Museum of Comparative Zoology. Vol. XVI, 
Nos. 11-125 XXIII, No. 65 and XXIV, Nos. 1-3. 8” Cambridge, 
Mass, 1893. The Museum, 

Copenhagen.— Mdmoires dc PAcaddmie Royale des Sciences et dcs Lettrea de Done- 
mark. 6“* sdrie, Tome VL No. 3, and VII, No. 6. 4° Kjobcnhavn, 

1892. The Academy. 
„ Oversigt over det Kongelige Danskc Videnskabernes Selskabs Forhand- 

linger og dets Medlemmers Arbejder i Aaret, 1892, No. 2. 8® Kjoben- 
havn, 1892. The Academy. 

Dresden.— Shzungsberichte und Abhandlungen der Naturwissenschaftlichen Gesellsch* 
aft Isis in Dresden. Jahrg. 1892, July to December. 8® Dresden, 1893. 

Isis Society. 

Edinburgh.— Scottish Geographical Magazine. Vol. IX, Nos, 4-6. 8® Edinburgh, 

1893, Scottish Geographical Society. 
Geneve.— Mdmoires de la Socidtd de Physique. Supplementary Centenairy Volume. 4® 

Gcudve, 1891. The Society. 

KoNiGSBfiRG.— Fuhrer durch die Gcologischen Sammlungen des Provinzial museums 
der Phy8ikalisch*OelcQnomischen Gesellschaft zu Kbnigsbcrg. 8® 
KSnigsborg, 1892. ' The Society. 

Lausanne. — Bulletin de la Socidtd Vaudoise des Sciences Naturelles. 3®“ serie, Vol, 
XXVIII, No. 109. 8® Lausanne, 1892. The Society. 

Lille.— Mdmoires de U Socidtd Gdologique du Nord. Vol. HI. 4® Lille, 1889. 

The Society. 
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Lisbon.— Direction des Travaux G^ologiques du Portugal. Description de la Faune 
Jurassique du Portugal. MolIusques^LamelHbranches par Paul Chof- 
fat. Livr 1. 4® Lisbonne, 1893. The Commission. 

London,— Journal of the Chemical Society. Nos. 364-366. 8® London, 1893. 

„ Journal of the Society of Arts. Vol. XLI, Nos. 2104-2116. 8® London, 
1893. The Society. 

„ Proceedings of the Royal Society. Vol. LII, Nos. 317-318. 8° London, 
1893. The Society, 

„ * Proceedings of the Zoological Society of London. Part 4. 8® London, 1893. 

The Society, 

„ Tiansactions of the Zoological Society of London, Vol. XIII, part 5. 4® 
London, 1893. The Society, 

„ Quarterly Journal of the Geological Society. Vol. XLIX, No. 194. 8® Lon« 
don, 1893. The Society. 

Report on the 62nd Meeting of the British Association for the advancement 
of Science held at Edinburgh in August 1892, 8® London, 1893. 

„ The Geographical Journal. Vol. I, Nos. 4-6. 8° London, 1893, 

Royal Geographical Society, 


Madrid. — Boletin de la Sociedad Geogratica de Madrid. Tome XXXIII, Nos. 4-6, 
and XXXIV, Nos. 1-3. 8® Madrid, 1893, The Society, 

Manchester.— Memoirs and Proceedings of the Manchester Literary and Philosophical 
Society. Vol. VII, No. i. 8® Manchester, 1893. The Society. 

„ Transactions of the Manchester Geological Society. Vol. XXII, parts 

4-8. 8® Manchester, 1893, The Society. 

Melboornb.— Special Reports of the Department of Mines, Victoria, for 1892 and 1893. 

issued under the authority of the Minister of Mines. Fisc. Melbourne 
1893. Department op Mines, Victoria. 

Moscow.— Bulletin de la Socidtd Impfiriale des Naturalistes de Moscou. Nos, 3-4. 

8® Moscou, 1893. The Society. 

Naples. — Rendiconto dell * Accademia delle Scienze Fisiche e Matematiche. serie, 
Vol. VII, fasc. 3-5. 4® Napoli, 1893. The Academy. 

Newcastle-upon-Tyne.— Annual Report of the Council of the North of England 
Institute of Mining and Mechanical Engineers, and Accounts, for the 
year 1891-92 j and List of Council, Officers, and Members for the year 
1892-93. 8® Newcastle-upon-Tyne, 1892, The Institute, 

„ Transactions of the North of England Institute of Mining 

and Mechanical Engineers. Vol. XLI, part 6 ; and XLII, parti, 
8® Newcastle-upon-Tjme, 1893. The Institute. 

New Haven,— Transactions of the Connecticut Academy of Arts and Sciences. Vol. 
VIU, part 2, and IX, part 1, 8® New Haven, 1892-1893. 

The Academy,* 

Ottawa. — Geological Survey of Canada. Contributions to Canadian Palaeontology. 
By J, F. Whiteaves. Vol, I, part 4. 8® Ottawa, 1892, 

The Survey. 

Paris.— Annuaire G^logique Universe!, Tome VIIl, fasc, 3-4. 8® Paris, 1893, 

The Editor. 
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TitUs of Books, Donors. 

— Bulletin de la Soddt6 Glologique de France. 3’“® S^rle, Tome XX, Nos, 3-4. 

8° Paris, 1893. The Society. 

„ Compte Rendu des Sfiances de la Soci(itd Gdologique de Prance. 3016 serie» 
Tome XXI. 8® Paris, 1893. The Society. 

„ M(5moires de la Socidtd GiSologique de France. Tome III, fasc, 3. 4° Paris, 

1892. The Society. 

„ Comptes Rendus des S^nces de la Socidtd de Geographie. Nos. 5-10. 8® 

Paris, 1893. The Sq^iBTY. 

Peiil<\dblpbia. — J ournal of llie Academy of Natural Sciences. 2nd series, Vol. IX, 
part 3. 4“ Philadelphia, 1892. The Academy. 

„ Proceedings of tlie Academy of Natural Sciences. Part 11, 8® 

Pniladelphia, 1892. The Academy. 

„ Journal of the Franklin Institute. Vol. CXXXV, Nos. 3-5. 8“ Phila- 
delphia, 1893. The Institute. 

Quebec.— Transactions of the Litwary and Historical Society of Quebec. No. 21. 8® 
Quebec, 1892. The Society. 

Richmond.— Catalogue of the University of Virginia for session 1892-93, and announce- 
ments for session 1893-94. 8° Richmond, 1894. The University. 

Rome.— A tti della Reale Accademia dei Lined. Rcndiconli, Sdrie Y, Semestre I, Vol. II, 
fasc 4.7. 8^ Roma, 1893. Tub Academy’. 

St. PETERSBURO.-.'Bullctins du Comitd Gdologtque. Vol, XI, Nos. $-8, and Supplement 
to Vol. XL 8® St. Petersbourg, 1893. The Commwsion, 

Mdffloires du Comitd Gdologiqite. Vol, XII, No. a. 4® St. Polers- 
bourg, 1893. Tbs CoMMistiOB. 

Sydney.— J ournal and Proceedings of the Royal Society of New South Wales Vol 
XXVI. 8® Sydney, 1893. I-hb Society! 

„ Proceedings of the Ltnnean Society of New South Walea Vol VII 

3.4. 8" Sydney, 1893. The Society. 

Taiping.— Perak Museum Notes. No, i, 8® Taiping, 1893. Government op Perak. 

Toronto.— Transactions of the Canadian Institute. Vol. IH, part i, No. 5, 8® Toronto* 

The Institute. 

Vienna,— A nnalen des K. K. Naturhistorischen Hof-Museuras. Band VII Nos 

8® Wien, 1892. Museum 

„ Verhandlungen der K. K, Geologischen Reichsanstalt. Nos. 17-18 /igoai smA 
No.. I-S (1S93). 8“ Wien. .89.-1893. tV. 

Venice.— Atri del Reale Istituto Veneto di Scienae, Letlere cd Arti. S^rieVII Tom.% 
III, Appendix to disp. lo, and Tomo IV., disp. 3.4* 8®Ven(aiB 

1892-1893. Institute! 

Washington*— Memoirs of the National Academy of Sciences. Vol, V, 4® Washinff* 

* j.1. r** t 4 . The Academy. 

» Report of th^e Director of the Mint upon the production of the precious 
metals in the Unitfid States during the calendar year 1802 8^ Wash 
ington, 1893. United States Wnr 

VoKOHAMA.-$eismologlcal Journal of Jdpan* Vol. XVII. 8® Yokohama, 1893. 

ZeRxos.— Vlerteijahrschrift der NTaturfarschenden Gesellschaft in 

XXXYIU heft 3.^ 8^ ZOrich, 189R. T«f SoJitv 
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THE GEOLOGICAL SURVEY OF INDIA. 


Part 4.] 


1893. 


[November. 


On the Geology of the country betw een the Chappar Rift and Hamai in 
Baluchistiiii by C. L. Griesbach, C.I.E., Superintendent of the Geolo~ 
gical Survey of India. With map and three plates. 

I. — Preliminary Observations. 

The area described in these pages \7a8 geologically examined by me during the 
winter months of i892>93 and comprises within it all the collieries opened ont by 
the North-Western Railway between Khdst and Hamai. 

The ground has been visited and reported on several times ; the first geologi- 
Previous observers 5 Cal description is contained in Dr. W. T. BIanford*8 Memoir 

W. T. Blftnford. “ Gtological notes on the hills in ike neighbourhood of the 

Sind and Punjab frontier between Quetta and Dera Ghaei Kh&ti^ ; chapter VI 
of this memoir notices some of the geological features of the country between 
Quetta and Sibi, and the author describes in some detail a section near Shihrdg. 

In that Memoir the author discusses at some length my description of the geology 
of the Bol^n and the Quetta area contained in Memoirs, Vol. XVIII; with regard 
to some points of it he comes to conclusions differing from mine, but as these do 
not affect the geology of the country here described, I have determined to postpone 
my reply to Dr. Blanford’s criticism until I have not only re-visited some of my old 
sections, but also until I can give a more complete outline [of the geology of Baluch- 
istan, and for the same reason 1 abstain from discussing pmnts in the geology of the 
ground lying beyond the limits of the map accompanying this paper. For Ae pre- 
sent it will suffice to mention one single point of tills discussion which materially 
affects the geology of the Xhdst-Harnai sections. At page ii of his Memoir 
Blanford says “that his lowest stage of the eocene system, in the Boldn pass and 
near Quetta, the Aloealinalimestoae, cannot be accepted as a definite subdivision 
and after stating that Alveolint? occur, also in high^ horizons in the eocene, he 
mentions on page 15, — “there is no distinct band of limestone, whether characterised 
by the abundance oi Alveolina or not, of sufficient importance to be distinguished 
as a primary subdivision or stage, either in the Bolin pass or near Quetta, at the 
base of the eocene system.*’ 1 have since been in communication with the autiior; 
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Dr. Blanford still believes that a distinct limestone stage at the base of the eocene 
division cannot be otherwise than a local development, the limestone passing into 
shales and sandstones, both in Sind and Baluchislfo. This may be the case but it is 
lemarkable that up till now I have found that the lithological character of the tertiary 
sequence remains very constant, excepting near the centres of the then volcanic 
activity along the Kdjdk-Zhdb line of Country, At all events in the Quetta sections and 
the country here described the lower eocene is represented by far the most conspicuous 
formation, and perhaps,— excepting the Siwaliks, — ^by the greatest thickness of beds 
found to belong to any one of the rock-divisions of Baluchistan. Even paloeontolo- 
gically it Ip distinguished ; whilst in the lower nummulitic limestone practically 
nothing but foraminifer®, chiefly nuvtmuliits^ in Very large number have been found, 
the middle eocene (green shales, etc.) have so far yielded very few 
but on the other hand numerous eocene gisleropods, bivalves, echinoderm and in 
some places Oven fresh-water mollusks. I think it is highly piobable that the green 
shales, etc., of the middle eocene are a local development as seen near Khdst and 
Sh^hrdg and that elsewhere the launaassumes a more pelagic character. Dr. Blanford 
himself has noticed the great development of the limestone which forms the base of 
the eocene, and 1 may here quote his notice of the lOck-senes near Harnai which 
is given on pkge 49 of his Memoir, namely i— 

a, Olive shales and sandstones. 

b, Nummulitic limestone. 

«. Olive shales afrd sandstones. 

d, Nummulkic Utnostono. 


He says Throughout the Mamai route below Kach the lower nummulitic 
iimeslone (li) forms immense hills, including the Pil and Chappor ridges, the upper 
part at least of the huge mounUin mass north of Shdhi dg and Harnai, and 
a number of hog-backed elongate hills of smaller elevation,” This is essentially 
the position I take, excepting that 1 believe that this lower nummulitic limestone 
forms a constant horizon over a considerable area, and that it extends both into 
IChorassan and over the larger port of South-Western Aighanistin, and in fact is 
pait of the great Mediterranean development of the eocene^— whilst Blanford con- 
siders it a local facies only. 

The first, rather more detailed examination of the area about Khdsl was under- 
taken by the late Mr. Jones of the Geological Survey, who 
S' ® manuscript report behind, which 1 have used in 

" this paper, quoting him when doing so. Dr. W. King 
has given some extracts of this report in the Records, Vol. XXII, p. 149, and 
these consist chiefly of the economic side of the coal-fieUis near Khdst. 

In Mr. Oldham was detailed for work in Baluchistdn and the outcome 
Were two papers whidt appeared in the Recoids of the Sur- 
1k, t), Owham. namely j— 


(11) Report on ih Oeok^md Rconomie Besowtoses of thevouWy adjoining the 
Sind-PtMn Rdlway btUuiecn Shatigh and ip^hngt, and vf idie 
between it and Rhattm, Records, XXiri, p. 93 ; and 
“(e) SHeport on ike Qeohgy Of ITkiU CkoiidJi'-and pafi'Of'^ MkH eowHtfff 
, . iRiecords,iXXV, p. iS, 
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The substance of these papers is also contained on pages 289 to 295 of the second 
dition of the Manual of the Geology of India brought out by Mr. Oldham this year. 

Generally agreeing with Oldham’s views, I must differ from him in two parti- 
culars, In the first place I doubt the utility of adopting local names for subdivi- 
sions, the homotaxial positions of which are known. 1 have adopted the terms, 
fufddle and t^per nummulitic in place of his Dunghdn, Gh^j and Spintangi 
" groups.” 

The second point on which 1 differ from Oldham is of more importance. 

This author described the thick-bedded limestone with nummulifes, which I 
believe to form the base of the eocene division, as underlying the Gh^ij shales and 
to be nummulitic, but later he included this subdivision with the cretaceous system, 
which view he takes in the new edition of the “ Manual.” 

In this, our interpretations completely differ. It has frequently been pointed out, 
and it is the opinion of most modern continental geologists, that the base of the 
teitiary system should be placed much lower down than it is at present, and that 
certain upper cretaceous beds, as for instance the upper hippuritic limestone of the 
Mediterranean, be included in the tertiary system. At all events until more is known 
of the organic life of the rather barren formations of the upper cietaceous, it seems 
a dangerous move to change from the old order, if for no other reason than that of 
convenience. And for this purpose it is perhaps best to accept it as a general rule 
that all beds with true nummuli/es be included in the tertiary system, making the 
beds below cretaceous. This I believe is now the view of most authors on the 
subject, and most continental geologists therefore separate a well-defined upper 
hippuritic horizon in Greece, Egypt, etc,, with nummuliteo^ from the lower rudisie 
limestone, which is cretaceous. Mr. Oldham, on the other hand, has done the re- 
verse; he has extended the range of the cretaceous of Baluchistdn into the confines 
of the lower eocene. In his second paper above quoted, he simply mentions of 
the “ Dunghdn group,” — my lower nummulitic limestone,— that its fauna is ano- 
malous, and although in the absence of sections and detailed statements it is diiS' 
cult to form an opinion whether this anomaly is confined to one particular point 
of observation or is shown elsewhere, it appears that he found crioeeras, bacuhUs 
and ammonites with an abundance of tmmmuhies. 

In the “ Manualj” however, this formation is boldly spoken of as cretaceous, 
and thus one of the most thickly developed and conspicuous formations of Balnch- 
istdn is removed from the tertiary system. 

Without going into the discussion of the fossils closer, I may at once state 
that however interesting a find of lelemniUs and ammonites would be in tertiary 
beds of Baluchistdn, it could not quite be looked upon as an anomaly. 

In the eocene of Europe occur several genera of belemnites (in ZitteVs 
sense), and some genera of ammonites have been described from the eocene of 
California. On the other hand, the upper hippuritic beds of the Mediterranean 
hitherto generally classed with the lower limestone horizons, as cretaceous, contain 
nummuliisi and are now included in the terliaries. If, therefore, Mr. Oldham’s ob- 
servations were substantiated, the Dnnghin limestone ought rather to become lower 
eocene, and this only in deference to the general usage of relegating to the 
eocene all beds with an abundance of true nummulites And this would also be 
more in accord \nth stratigraphical facts, which point to a division of the tertiary system 
from the cretaceous immediately after the great post-renomanian '^‘transgression.” 
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But fortunately I have had an opportunity of viewing Mr, OIdham*s “anomalous” 
fauna since ray last return to Calcutta, and in this I was advised by Dr. NoetUng. 
It seems that all the cephalopods are true cretaceous foims, some of them in veiy 
fine preservation; they point to a lower rather than upper cietaceous age of the 
beds. There were no nummuliies in the collection fiom these fossil-bearing beds, 
but well-preserved orbtioliies, which occur in the cretaceous as well as tertiary 
systems. It seems, therefore, most probable to me, bearing in mind the fact that 
so far nothing but true tertiary forms with nummuhtes have been found in other 
localities in the “ Dungbdn limestone,” that the observation referred to is not 
complete. I hope to have an opportunity this year of further studying this special 
locality. 

Geographically the ar«i belongs to the system of ranges and valleys which form 

Hill an es eastern part of Baluchistdn. These ranges arc disposed 

1 -ranges. ^ Series of parallel lines east of Quetta, where they con- 

tinue in a gentle curve towards east, gradually turning north-east and northwards 
until they merge into the system of the Sulaiman range which forms the natural 
and mountainous barrier between the Punjdb and Baluchistdn. The most striking 
feature of these parallel ranges is the great bend near which the cantonment 
of Quetta is situated ; the re-entering angle formed by them is occupied by a 
very complicated series of parallel ridges composed of rocks of Siwalik age, which 
have grouped themselves round the great massif of the Zarghdn. Between these 
ranges which are chiefly made up of Siwalik strata, and the next adjoining chain 
of hills, a depression or trough extends all round the Zarghdn massif with its skirt 
of parallel ridges, — which trough foims part of a series of wide valleys. I sliall 
have occasion to refer to this feature in this paper and propose to call this depres- 
sion made up of a scries of valleys, — the “ trough.” The area immediately under 
discussion in this paper may bo defined as lying between the system of Siwalik 
ridges to the south and south-west, and the precipitous limestone range of the Khali- 
phfit, near the western termination of which the Chappar Rift is situated. 

South of Mangi, a station on the North-Western Railway, an absolutely bare 
limestone range closes the valley on its right side ; it is one of the most perfect 
examples of a simple anticlinal. About four miles west of Mangi this fold is seen 
to gradually dip conformably below younger bods which surround the hog-backed 
range on three sides near its western termination. From that point the range may 
be followed eastwards; it forms at first a slight bend to south-east and then 
trends away due eastwards,— always preserving its character of an anticlinal fold. 
About six miles north-east of ShStaig station another range of similar composi- 
tion and structure commences and follows an easterly direction. 

These ranges form the northern margin of the depression or trough to which 
I have been alluding. 

The southern ranges are of simpler structure j a scarp, formed by a sequence 
of tertiary beds, faces northwards and is skirted along its face by several secondary 
flexures made up of the same beds,— the whole forming a ridge or ridges about 
a, 000 feet above the level of the “trough,” 

The northern margin of the latter, formed by the limestone anticlinals described, 
rises to much greater altitudes; varying in height a good deal, there are elevations 
of 10,000 to 12,000 feet to be found in it, and it generally presents a very imposing 
aspect, particularly in winter when it is covered by masses of snow. 
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The drainage of this area is roughly speaking directed from north to south ; 

Rivers trough or depression aforementjoned does not form 

one valley but is divided into several catchment areas by 
low passes, mere swells of the ground, whilst the drainage escapes through the 
ranges by a series of narrow defiles,— true transverse valleys of erosion. 

The first stream which we must notice, and at the same time one of the best 
known amongst them, is the Khdst river. It flows along the valley in which Mud- 
gorge and Mangi are situated, receives some slight additions before reaching 
Mangi and then escapes through the Chappar range by way of a narrow defile, 
eroded out of the hard limestone anticlinal. After traversing this range almost at 
right angles to its strike the river flows in the natural trough of Dirgi and Khdst 
running in a more or less south-easterly direction to a point about 2 miles south- 
west of the village of Ombo, whence it flows through a succession of narrow 
defiles eroded out of the parallel ranges of tertiary strata which form the southern 
margin of the “trough.” On its way to this defile the Khdst river receives a 
number of small tributaries on its left side, which drain and erode both the 
southern slope of the Khaliphit range and the great fans which stretch from 
the latter southwards. East of this system of d rainage is the rising ground of 
Shdhrdg with the great buttress formed by a hill south of it, which together make 
up the watershed between the Khdst river and the Punga stream, which also 
works its way through narrow defiles and escapes south. East of the Punga 
stream, another rise in the ground forms a watershed between the latter and the 
Nasak drainage. The latter has its source amongst the high hills of the JKhaliph^t 
range near Ziirat; after flowing in deep and narrow ravines in this range it breaks 
through the Waugi range in two defiles, mere slits in the hills, and after travers- 
ing the fans in numerous deep channels the river collects near Nasak and has cut 
its way through the ranges south of it forming a succession of narrow tangis or 
defiles. 

The Hamai drainage is similarly formed ; separated from the more western 
Nasak stream by high ground, the Harnai river itself rises in the eastern continua- 
tion of the Khaliphdt range, flows through a narrow valley scooped out of the southern 
range (north of Hamai), called the Warn Tangi, and then flows southwards as the 
rivers further westwards are doing. 

This drainage brings us face to face with one of the great and interesting prob- 
lems of frontier geology,— namely, the transverse valleys, I cannot here discuss 
the many theories which have been advanced to account for these defiles ; the 
literature concerning these and similar valleys is immense and the views often very 
divergent. The common belief no doubt is that these narrow defiles have been 
caused by some great cataclysm, which had torn asunder the hill ranges and so 
opened the road for the waters to escape. I need hardly say that there is no evi- 
dence to support this view, and though it is quite possible that one explanafion 
could never be applicable to all cases, it may be assumed beyond doubt that 
the defiles in Baluchistdn are in the vast majority of cases the result of gradual 
erosion by the existing rivers, that is to say that the erosion took place simultaneously 
with the folding and consequent elevation of the strata and that the softer ones 
of the latter have suffered more by this gradual erosion than the harder rocks, 
which would account for the gradual widening into broad valleys of those parts 
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which are composed of softer beds, mostly shales and clays. The possibility is not 
excluded, — it is even highly probable, — that as erosion went on simultaneoasly 
with the folding that occasionally the drainage became dammed up and thus 
lakes were formed, only to disappear again as erosion cut down deeper into the 
confining rim. 

The ground described here has in common with the rest of Baluchistiin under- 
gone great disturbance in the manner of folding and crush- 
tructnre, Strata. One remarkable feature which must be 

noticed is the frequent coincidence of mountain ranges with natural anticlinals on the 
one hand and the marked regularity of what Pi of. Suess called a scaly structure in 
other cases, which latter produces the recurrence of parallel hill-ranges, which present a 
scarp on one and a dip-slope on the opposite side. Whilst the anticlinal ranges are 
commonest seen in the lower limestones (upper cretaceous and nummulitic), the 
fatter structure is repeated with strange regularity in the areas occupied by beds 
of Siwalik age. Partly the structure of these latter rocks is owing to an alternation 
of harder and softer beds, which, yielding to sub-aerial denudation in a different 
manner, assume the appearance of a “ scaly'' structure where the beds are inclined. 
But I am convinced by the evidence of what 1 saw in the field that this alone will 
not account for the apparent enormous sequence of such beds and that the explana* 
tion of it is frequently a combination of unequal denudation with a series of parallel 
faults which have repeated sequences of beds, thus producing the semblance of 
what would otherwise constitute an enormous thickness of beds forming a jmturai 
sequence. 

Besides these two great features of mountain formation which ore even notice- 
able during a flying visit to Baluchistdn, we have often considerable areas occupied 
by softei strata (sandstones and shales of middle eocene) which arc ticmendou-sly 
crushed and folded between the harder scries of rocks within which they occur. Such 
for instance is the case in the “ trough ” aforementioned and along which the lino 
of railway to Quetta has been laid. This area shows the beds, where they are exposed 
below the recent alluvium and fans, crushed and folded in such a manner that a 
correct estimate Off their thickness or nature would be quite out of the question. 
Only where such beds have been protected by a great weight of overlying strata is 
their section at all clear. 

The anticlinal ranges are^ running more or less from east to wesEt within the 
area under description, and they may be said to be echdonned and advancing 
southwards from the eastern flank. The KlSnliphdt range (of which the Chappasr 
is the westernmost extension) is a fine example of such an anticlinal. The hili- 
ranges which form the southern margin of the trough ” show the scaly structure, 
whilst the “ trough” itsdtf is occupied by the crashed and much-disturbed beds of 
the middle eocene. 

One more sbructtlrat featum remaine to be noticed, and that is the large extent 
and perfect development of fan deposits which slope down gently andi evenly from 
the high (anticlinal) ranges af the Khalipbdt and Wdm hills, and which to a large 
extent fill the “trongh,” at the>same time obscuring the underlying beds. 

it would be impossiblfi to enter here into a discussion of the causes which have 

Disturbing oaoaes. ^ wrinkling and folding of the strata of Baluchis- 

tto. Scarcely enough material for such discussion has 
been collected yet, and all we can say at present |is that the disturbance in this 


Disturbing causes. 
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country belongs to the extended system of mountain folding which has been teime 1 
the Iranian system of folds \ this system of mountain formation extends far into 
Persia and there forms wide zones of parallel folds, which are closely connectevl 
with the loops and zones of the hill-ranges of Baluchistan, and through the 
latter with the ranges of the Mari country, and finally merge into the north-south 
chain of the Sulaim^ns. 

The period when the greatest disturbance-^contraction into folds — ^took place, 
probably belongs to late miocene times, though many changes in the distribution of 
land and sea had already taken place during the latter end of the eocene age. 

Whether there was a period when this tendency to contract the sediments into 
folds lessened in intensity, is difficult to say, but certain it is that fire same forces 
were still at work at a much later period and are probably being actively continued 
now. That this Is the case is shown plainly by the tremendous disturbance which 
the younger tertiaries (Siwaliks) down to the recent (Indus) gravels have suffered, 
which are laid into folds and frequently raised up verb cally. 

Frequent earthquakes and even dislocations (see Records, Vol, XXVI, p. 57) 
which are a common experience in Baluchistdn and indeed all along our frontier, 
are no doubt closely connected with this folding process. 

That such crushing and folding could not pass off without leading to disloca- 
tions and faults must be evident. Within the area de- 
scribed here larger dislocations are absent, though smaller 
fiiults and slips are so common, particalarly along the scarp facing north of the 
southern margin of the “ trough,” that it has not only rendered a really detailed and 
correct survey of the geological features difficult if not Impossible, but has proved a 
most unpleasant feature in the coal-mining operations which the North-Western 
Railway carries on along this scarp. Several of the more evident of these faults I 
have entered on the map, more to show the system of these slips diagrammatically 
than intending to place on record any individual faplt. 
i^Xn like manner large cracks, or rather Joints, run through the harder rocks 

(mosby limestones) of the anticlinal ranges which bound, 
the area northwards. They may be seen on the absolutely 
bare hill-sides, mostly dip-slopes, as for instance on each side of the Chappar ] they 
run in long straight lines, intersecting each other at all angles and are frequently 
widened out by the eroding agency of water whiph percolates into these Joints, 
and converts some of them into small defiles. 

The “ rifts” have been eroded out mainly and almost sojely by the agency of 
« Rjf '» flowing water, and they represent true cases of transverse 

valleys as already stated ; but at the same time it could not 
be denied that the joints and cracks spoken of, which in several instances may 
be observed in all the stages of mere cracks to miniature defiles, must have 
jfrequently been the first cause of the formation of such defiles, although as the 
erosion progressed the original direction given perhaps by a small fissure, or Joint, 
would be altered until finally it wonjd be impossible to recognise in the tortuous 
comse of the defile any original main joint piano. 


lointe, 


II.— FoaM4Tio>’S, 

'I Passing from south to north across the ground heie described an entirely noimal 
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sequence of rocks is met with from the younger tertiaries (Siwaliks) to beds which 
may belong to the cretaceous system. 


PLIOCBNB 


Rocks , 

• Greylsandstone . . . • 

Thicknefa 
in feet, 

3 ,ooof 

r Red and purple sandstones with* shaly 
< beds ...... 

3 , 000 p 

(. Grey sandstone, near base) calcareous 
grits and conglomerate . . . 

700? 

. Nummulitic limestone, concretionary. 
Sandstone, near base conglomerate . 

$00 

Bright coloured sandstones andjshates, 
fossils. Gypsiferous shales, sand- 
J stone and olive-coloured beds with 
} coal-seams 

650 

Greenish sandstone and shales , . 

800 

. Grey limestone with nummulites, etc., 
about ... ... 

300,5 

. Red and purple shales, sandstone, etc. 

300 


/Upper 
V Lovrer 

Upper 


Nummulwic . -^Middle 


Lower 


Upper cretaceous P * • 

The transverse valleys of the Chappar Rift and of the Wdm Tangi (north of 

Cretaceous beds Hamai) are the only localities where rocks older than the 

nummuUtic formation have been met with in this area. 
The outcrop seen in the Wdm Tangi is of small extent and not very characteristic. 
The Tangi traverses a single anticlinal of hard dark-grey limestone with nummulites, 
which represents the lower eocene subdivision ,* near the centre of the] anticlinal 
light green, marly limestone with sbaly partings appears in which I have found no 
fossils. But there is no difficulty in correlating this horizon with similar shales 
which occupy the same stratigraphical position in the hills further eastward and in 
which Mr. Oldham has found hUmnites^ and which horizon may bo looked upon as 
forming approximately the upper limit of the cretaceous system. 

Better developed are similar shales with marly and sandstone beds, which occur 
in the Chappar Rift in a similar stratigraphical position below the lower nummuliiic 
limestone. There they consist of green shales with sandstone layers and deep 
pnrple to reddish shales which contain strings of gypsum, I have not found any 
fossils in this subdivision, but helmnitcc have been obtained hrom these beds by 
Mr. liaTouche. 

The following subdivision forms by far the most conspicuous series of strata in 
Baluchistdn. Range on range running in long parallel lines, 
limestone. consist almost entirely of the grey limestone beds of this 

series. The long line of hills, beginning some few miles west 
of the Chappar Rift and continuing eastwards as the Khallphat range, is formed of a 
simple anticlinal of lower nummulitic strata. North of the Hamai hills extends 
another anticlinal range made up of the same limestone. The total thickness of 
this series of beds can hardly be less than about 3,000 feetj at the Takatu hlU the 
same series may possibly reach a thickness of 4,000 to 4,500 feet, and this 1 believe 
is the maximum thickness of the formation. 

lithologically there does not seem much dliSerence between this subdivision 
of the nummtdidcs and the massive limestone of the cretaceous system (the hippur- 
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itic limestone) which I have met with elsewhere in Baluchistan. It is a hard dark 
grey, occasionally almost white limestone consisting mostly of thick beds. The sur- 
face of the dip-slopes, whic h usually form the bare hill-sides are honeycombed and 
deeply cut into by cracks and fissures, which render the climbing of even very steep 
ascents a peculiarly easy task. 

Within this thickness of dense grey limestone are several horizons at regular in- 
tervals, which at least in the Chappar Rift section seem to increase in frequency 
and thickness. These horizons consist of a concretionary limestone, which from a 
distance and on weathered surfeces strongly resembles a conglomerate. A similar 
facies of rock occurs in the upper nummulitic limestone (Oldham's Spintangi's) and 
I could discover no very marked difference between the two. Similar rock, well 
known to German geologists as “ Knollenkalk, ” I have seen in other formations 
and localities. The softer portions which fill the space between the limestone con- 
cretions disintegrate on the weathering surfaces and thus leave the individual lumps 
of limestone isolated, giving the whole rock a conglomeratic appearance. Nodules 
and concretions of chert are not uncommon in this horizon. 

The only fossils which I have found in this limestone are casts of gasteropods 
and bivalves with numerous nummuhtes and alveoUnce, 


During my first visit to Baluchistan in 1880 I distinguished this horizon the 
“ limestone.” Mr. Oldham has described the same subdivision as the 
Dunghin limestone ; but there seems to be some uncertainty whether beds in 
which Mr. Townsend has found true lower or middle cretaceous ammonites and 
which Mr. Oldham doubtfully included in his Dunghdn group, as well as other 
beds from which Mr. Oldham collected ammonites, helemnites, echinoderms and 
bivalves of true lower or middle cretaceous type, together with foramtniferts) 
not nvmmulites, and which Oldham includes with the Dunghin limestone, 
should be really correlated with the limestone of the Chappar, the Khaliph^t 
and the upper limestones of the W^m Tangi, while all of them have up to the 
present not yielded anything else but true eocene types of fossils. 

The occurrence of nummuUtes together with what are usually considered upper 
cretaceous forms, as for instance rudistest Is well known ; and in Es:ypt, Asia Minor 
and Greece nummuUtes are numerous and common in the Upper Hippuritic lime- 
stone, hitherto considered upper cretaceous : indeed there are not only palaeonto- 
logical but stratigraphical reasons why the tertiary system should have been fixed 
at the base of the Cenomanian rather than is done at present. But this difificulty 
does not affect the present question ; neither does the established fact that both 
helemnites and ammonites do occur in the tertiary system, several forms of the 
latter being unquestionably represented in the tertiaries of California. 

The difficulty seems to me to lie in the circumstance that (i) not sufficient proof 
has been given that the lower nummulitic limestone of the Takatu, the Chappar 
and Khaliphdt ranges are really identical with the ammoniie-ht«An^ limestone, (a) 
the supposed nummuUtes which have been collected with these lower or middle 
cretaceous forms are not nummuUtes but species of orhitolites. Probably an opportu- 
nity will occur of studying this locality once more during the coming season, and I 
will defer further remarks until this has been done. 


From an economic point of view the most important formation represented in 


Middle eocene. 


Baluchistdn is the considerable thickness of shales and 
sandstones which forms the middle portion of the eocene, 
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a-nd rests conformably on the lower nainmnlitic limestone in all the sections 
examined. Whilst the latter \s obviously a pelagic formation, the character of the 
beds which overlie it, points to the probability that it was formed cither in a lagoon 
or close to, and in between shallow portions of a coastline, some of its deposits 
possibly even within the delta of a liver. 

Not only the lithological character of the beds but also their fossil contents 
point to such conclusions. Sandstones, generally of a greenish-biown colour, occur 
locally near the middle portion of the seiics, which are clearly of fresh-water oiigin 
as the numerous specimens of Unio show. The rest of the stiata consist mostly of 
greenisb'grey sandstones (often eiftremely like the lower Siwaliks in appearance), 
shales and clavs and subordinate layers of impure limestone with coarse grits 
higher up. Gypsum in leaflets, nests and veins is common throughout the forma- 
tion, but especially frequent in the lower half of the subdivision. 

The usual phenomena may he observed which are connected with the occur- 
rence of gypsum j the expansion of it (of the anhydrite associated with it) and sub- 
sequent dissolving of it by the percolating atmospheric waters have caused the 
immense local disturbance which we may observe wherever these middle eocene 
rocks are exposed to the surface and to the influence of weathering. 

The coal-beating beds of Much in the Bolan belong to this subdivision ; indeed 
the outcrop of these beds is continuous from Harnai, vtd Mudgorge, Gandak, 
Spintangi, and then extends from Astangi to Much, the section across the eocene 
into the overlying Siwaliks being quite identical throughout. In 1 880 I adoptc<l 
theterm *' Ranikot beds ” for them, comparing and correlating them with the beds of 
that name in Sind, f have not seen the latter myself, but I thought that both in 
atratlgraphical position and lithological chaiacler they conespondod .so closely with 
the Much beds that I could use the term in the same manner as we include in the wor<l 
Talchirs, rocks of very differing character forming die base'of tho Gondwanas, l>r. 
Blanford, who has seen both Much and the Ilarnai dovelopmcnl of the eocene series, 
prefers not to use the term Eanikot for Urn green shales and sandstones of the middle 
eocene, though admitting that they correspond very closely, I prefer not to use ne vv 
and local names for geological horiaons, when the approximate age of the same is 
known, and therefore am only too willing to drop the term " Ranikot beds," and shall 
continue to call them middle nummulltic in this paper. 

For the same ireason I do not adopt Oldham’s name of Ghazij beds which he 
has given to this important horizon. 

The general sequence of beds within this subdivision of the eocene is as fol- 
lows, in descending order’ 


D«6criptt0Q of beds. 

d Brisht ooloured shales with sandstone, wbiah wea* 
chars a brick-colour. 

5 Brown sandstone ) [lai tings ot shell limestone 
/I Gypsum shalsa 

a, and 3 alternation of shales, sandstone, gypaiforovs 
clays and coal seams. " 

1 Greenish sandstone and shales, about « . 
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This series of beefs is of some considerable importance, as it contains a large 
Coal seams. amount of coal just above the lower half Of its thickness. 

Thin coaly partings and seams of a few inches in thickness 
are found at various horizons of the series, but they are frequently only of small 
extent laterally, and thin oat rapidly. But in one horizon (2-3 in above section) 
at least two seams occur, parted by an irregular layer of shales, which are of great 
importance for Baluchistan. The seams have an average thickness of perhaps 
two feet, and it pays to extract the coal on scientific principles. The horizon is 
rather extensively worked between Dirgi and Sh^r^g under the superintendence of 
Mr. Hope, and there is everyfprospect of further supplies, though not on a more 
extensive scale, being obtained from Shdhrdg itself, where systematic mining will 
be commenced. 

In all sections between Dirgi and Harnai and above the middle nummulitic 

shales and sandstones, a very characteristic formation may 

pper utnmu itic, observed, namely a series of light-coloured limestones full 

of fossils, which stratigraphically and palaeontologically must be assigned an upper 
eocene age, and which Mr. Oldham has termed the Spmtangi beds, so-called from a 
locality where these beds are strongly developed. I distinguished the horizon in 
1880 as “nummulitic limestone” overlying the “Ranikot beds;” Dr, Blanford teims 
the same simply upper nummulitic and, as such, I shall speak of the subdivision in 
this paper. I do not see any necessity to distinguish this series of beds by any 
local name, since we know its exact geological horizon. 

The lithological character of the upper nummulitics is generally very constant ; 
the greater thickness of it consists of light coloured grey or 3 ellowish white lime- 
stones, sometimes with shaly intercalations, but containing fossils almost through- 
out its thickness. The series of beds is perhaps best seen (within the area under 
description) in' the sections south of Hamai, where they seem to be developed in 
greater thickness than in the sections further west or north-west, but that may be 
due to the [fact that in both instances the upper nummulitics are overlaid by the 
lower SiwaUks,and so may have suffered in some localities gi eater erosion than in 
others. 

South of Hamai may be seen to perfection the very considerable alternation (in 
the upper portion of the series) of yellowish white earthy shales with a greyish 
white concretionary limestone. I noticed this rock-fades in the lower Bolan m 1880 
and described it in Mem. Vol. XVIII, p. 30; lithologically it belongs to the same 
development as the concretionary limestone of the lower nummulitics (Chappar 
Rift, Wdm Tangi, etc.), but I think it is more largely represented in the upper num- 
mulitics. Similar rock is seen in the limestone beds of Sukkur and Rohri on the 
Indus (Kirthars of Blanford), where a peculiar red clay foims irregular masses and 
particles between the limestone nodules, which are often replaced by chert con- 
cretions with numerous fossils. This red clay reminded me of red clay inclusions 
in beds supposed to be representatives of deep-sea deposits. 

Fossils are common throughout the upper nummulitics ; they form a consider- 
able collection and await determination. 

The thickness of this subdivision of the eocene varies in the different sections ; 
at Khdst and Shahi^ it certainly does not exceed 500 feet in thickness, but it may 
thicken out to quite 1,000 feet in the Harnai section. I doubt, however, whether 
it will be found of much gieater thickness elsewhere. 
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Siwaltk formation . — Next in importance to the eocene division of the tertiary 
system in Baluchistan is the immense thickness of beds of the Siwaliks, which 
range in age from the upper miocene to pliocene times. Large tracts of 
country in Baluchiatdn are made up of rocks belonging to this facies of the middle 
and upper tertiary system. I think it is quite possible that an unconformity will be 
found between the lower and upper portions of this formation, which so far I have 
not met with as a connected sequence. There are some considerable vanations in 
the lithological character of these beds, but it is not difficult to divide them into 
the following subdivisions, each distinct enough to be recognized in most instances 
without any trouble. 
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the bottom bed (which is of very insignihcant thickness, though prominent in colour 
and lithological character) occur fine-grained grey and greenish grey sandstones with 
irregular beds of grits and calcareous gritty sandstone in which fossils, t.e,, mam- 
malian and reptilian remains, are not scarce. They are most frequently found in the 
gritty parts of the formation, and they come out of the stone in very fair preservation. 

Bones are found right through the lower Siwaliks, but 1 never obtmned any but 
very poorly preserved specimens much above the lowest horizons. 

The grits and chert breccia at the base pass gradually into thickly stratified grey 

sandstone of the common pepper and salt appearance, 

Grey sandstones, sometimes show a greenish tinge, in which case they 

are difficult to distinguish from the middle eocene sandstones. An occasional bed 
of reddish sandstone comes in, and these become very frequent near the upper 
boundary of the series (b) and finally pass into the great thickness of brick-red to 
purplish mottled sandstones (c) with shales. They have yielded some friable 
fragments of bones. 

The beds of the lower Siwaliks form the scarp on the southern side of the 
“ trough," and south of it, range on range appears to be composed of this formation. 
These ranges show true ** scaly " structure, not monoclinal folds j the repetitions of 
grey with brick-red coloured sandstone seem to point to a system of parallel faults, 
and the lateral compression resulted in a certain degree of dove-tailing into each 
other of an otherwise moderate thickness of these two main subdivisions of the lower 
Siwaliks. If we looked upon this belt of Siwaliks as forming a continuous sequence 
of beds, we should have to assume a very much larger thickness for this formation 
than we are justified in doing. The upper Siwaliks are not represented in the country 
described in this paper, and I believe it will be found that a considerable uncon- 
formity divides the lower from the upper series, which are always met with in 
separate areas. 

As far as parallelism of strata goes no sort of unconformity can be detected 
between the eocene beds and the lower Siwaliks in most of the sections north- 
west of Shihrdg. But apart from the fact that the upper eocene is developed essen- 
tially as a marine series of strata, whilst the Siwaliks, as their fossil contents 
close to the boundary show, Is a fresh-water, probably lacustrine formation, there 
must also be taken into consideration the peculiar nature of the beds at the base 
of the latter. They are all of them such as form either in shallow water or close 
to the banks of a river or the shores of a lake. They are grits and conglomerates 
with t hin beds made up almost entirely of the destruction of eocene rocks with 
their fossil contents rolled and worn. 

Whilst there is no deviation from the parallelism of strata visible in the Khdst and 
Shihrdg valleys, we may observe splendid examples of the latter in the neighbour- 
ing area of Kach where lower Siwalik strata, with the bone grits at their base rest 
on the eroded edges of the cretaceous beds below. Similarly a di^ct overlap 
and unconformity between the lower Siwaliks and the upper nummulitic limestone 
may be seen in the sections south of Nasak and Hamai. ^ 

It is necessary here to mention also the very considerable deposits of recent 

conglomerates, grits and sandstone which mostly in the form 
Recent. enormous fans occupy such large tracts in the “trough.” 

They form terraces and fans gently sloping down from the high hills which bound the 
“ trough” alongits northern margin and have now been deeply cut into and eroded by 
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the present streams which drain the valleys. They form a thick covering over the 
great trough-like depression, and are eroded into V-shaped valleys by the existing 
drainage, which hequently exposes the much-contorted eocene beds below. 

I did not obseive any disturb nice of these rc'cent beds, such as is seen near 
the entrances -of the Bolan, near the Nari gorge and along the eastern slopes of the 
Sulaiman range. 

Ill — Sections. 

Between 3>irgi station on the North-Western Railway and the Chappar Rift the 
ground is most unfavouiable for the geologist. The lower 
^Near the Chappar nummulUic limestone forms a very fine example of an anticlinal 

in the Chappar range, which is conformably overlaid by the 
green sandstones and shales of the middle eocene ; between the Chappar Rift and 
Dirgi the actual contact is not seen, but south-east of the latter station, beds of the 
middle eocene may be observed in natural contact with the lower limestone, and this 
contact is conformable. Similarly north-west of the Chappar, much-crushed beds of the 
middle eocene subdivision rest evidently conformably on the limestone, but the hill- 
sides aie far loo much obscured by debris and slipped masses of rock to furnish clear 
sections. This part of the middle eocene is a continuation of the Mudgorge beds of 
this subdivision, and may be traced to the station of that name without inierniption. 

The sections west and north-west of Dirgi are perfectly noimal, but the 
. disturbance is so enormous, that 1 did not attempt even to 

study the beds in detail. Coal-seams occur, and they might 
possibly be found to be part of one or at most two seams, but by faulting and 
folding the semblance of a number of seams has been pioduced. 

The middle eocene beds, so conspicuous for their olive green to grey colour, 
with brown sandstones near the upper part are overlaid conformably by white or 
light grey limestone with mmmuliUs and other fossils of the upper eocene, 
which again is overkid by the Siwalik formations. The latter form the uppermost 
scarp of the range. The average dip of the whole sequence of beds is at an angle 
of 40° to 45° to south-west. The great disburbance which the beds have suffered 
is not only due to the natural folding process, which has affected all the strata 

Disturbance of strata. Baluchistan, and which in the first instance is probably 

the result of the lateral contraction of the area once occu- 
pied by the beds ; it is also influenced to a very large degree by the chemical and 
other processes which have followed the wrinkling of the strata into mountain 
masses. Foremost amongst these processes Is the change which these beds undergo;, 
through the conversion of the anhydrite nodules and veins so common in tho middle 
eocene, into gypsum, and the subsequent dissolving out of the latter by percolating 
water. The ^st leads to an expansion of the mineral and consequent distortion 
of the strata containing it; the latter creates cavities and leads to the slips which 
have altered the face of the hills. WhsX with tho distortion of these beds, which 
is bound to bring about minor wrinkles and folds where there is no great thickness 
of beds overlying and protecting the gypsiferons middle eocene subdivision, and 
the slips which must necessarily occur, where the angle of the scarps is consi- 
detahlej the disturbance which has affected the surface of the middle eocene is 
immense, and it is not frequently possible to make out the true sequence of beds. 
Ondoubtedly secondary fqldijjg, ^md even apparent uncenformities between thesub^ 
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divisions of the e6cene, which are formed of such varying rocks, have been pro- 
duced and may be traced in the valley above Dirgi ; such can, in fact, be seen along* 
the whole length of the ** trough,” 

The following notes were made on the Dirgi neighbourhood by Mr. E, J. Jones 
Mr. Jones on Dirgi. of the Geological Survey of India;— 

“ Ascending a stream, which comes down the hill side above Diigi (north-west of 
it) one passes over a great thickness of the gray or olive green sandy shales, alternat- 
ing with light green sandstones, which north-west of the station are seen to dip 50° S*W* 
A little further on (W. N. from the station) there are some coal-seams, the dip 
being 70® S.W. near the base of the section, lessening to 30® S,W. near the top. 
The section is in descending order ; — 


Description of beds. 


Thickness. 
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Dull pink shales of great thickness with green conglomeratic aandbtone a 
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Above this section sandstones and shales afe seen to continue some distance, with 
few thin seams of coal (none of over i inch in thickness). Further up still, there 
IS a small coal-seam in shales dipping 40® S S.W , but it is very triable ; it may 
be traced for about ^ mile along the outcrop, when it is covered up by the talus. 
Immediately below this coal the sandstone contains numerous small bivalves. For 
some 70 to 100 feet sandstone and shales alternate, and they contain at several 
horizons thin seams of coil or carbonaceous matter. This series is overlaid by 
shaly beds of very prominent red, green arid light grey colours. In a stream-bed 
«outh of Dirgi, near the station, the shales and sandstones dip 40® S.W., beyond 
which they roll a good deal, and finally dip 30® N.W., near which point I saw a 
carbonaceous band in the shales. Much disturbed beds follow with some coaly 
inclosures, overlaid by the highly coloured clay shales seen in the former section 
which in turn are overlaid by nummulitic limestone.^ 

Between Dirgi station and the railwaybridge below, thereare numerous exposures 
of thin seams of coaly matter in the shales ; they are much disturbed und their 
dip varies all round the compass. 

Close to the end of the railway bridge, dn the right bank of the river, the dip is 
40® N.W., whilst nearer the hill they dip about the same angle to south-east, 

* The Upper NmupauUtip Ume^tone. 
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There is an outcrop of coal on the south side of the Uzdap Shdh anticlinal 
S.W. from the railway bridge; it is very poor and leafy and does not improve 
in lower depth. Two seams of coal can be distinguished about 50 feet apart, but 
the highly coloured clay-shales have slipped down from above, partly covering up 
the section. They appear now as if both underlying and overlying the coal series. 

Near Ka’la H^kim Khdn, about i mile from the railway, coal traces may be 
Mr. Jones on Hdkim seen along the face of the hill for about ^ mile, though 
Khfio* partially covered up by slips. 

The following sections are taken from actual exposures and from the headings 
which have been driven into the hill-side to prove the coal 


Near the centre of exposure ; N o. 9 heading 


At the bottom of the heading ,0^., 

23' from the surface. IBottom of No. 6 beading. 


1. Sandstone . • 

2. Dull green clay . 

3. Sandstone . 

4. Clay and sbales , 
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8. Coal • • 

9. Brown sbales . . 

10. Coal with partings , 
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At the south-east end the section is at the bottom of the heading ; dip 30® 

s.w: 

Description of beds. 


4. Gay shales .... 
4a. Coal with a thin parting of shales 

5. Shales .... 

6. Coal * . • • 

f Brown shales 
t Carbonaceous shales . 

8 Coal ■ • . . 

9. Brown shales . . . 

10. Good coal . . , 

11. Sandstone . . , 
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The section in another heading close to No. 9 is dipping 55* to S.W,, and 
is as follows in descending order; — 

Description of beds. 


£ Grey shales . 

4 to 5 < Carbonaceous shales 
(.Grey shales 

6. Coal . . 

7. Coaly shales . 

8 . Oial , . 

9. Clay shales * 

10. Coal . , 

11. Sandstone 
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Mr. does not mentioa it, hut I assume that the section is a descending one. 
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Section north-west of No. 9 beading dipping S. ao® W. 

Description of beds. 


Grey shales , 

Carbonaceous shales 
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More important are the sections across the Khdst valley, both as regards the 
. geology which is clearer, and also 1 ecause some of the best 

Khdst Sections. ^eams of coal of the eocene division of Baluchistdn are 
found there and are being mined. 

About a miles noith-west of Khdst station, and almost opposite Buzgai Rdga, a 
much-disturbed section is in situ ; the base of the hill slope, which forms the right 
(south-west) side of the valley, consists of green sandstone and shaly beds characteristic 
of the middle eocene. The dip is steep to south-west. They are overlaid by shaly 
greyish brown sandstone, concretionary, showing at places concentric structure. 
About half-way up the hill side brownish grey sandstone with calcareous lajers 
appears, which is the typical rock of the middle of this subdivision of the eocene. 
Towards the base of this sandstone series, three considerable thicknesses of sand- 
stone ate alternating with shales ,* the former are about ao' thick each, and are 
equidistant 'from each other. The two lower horizons of shales are traversed by 
fissures and joints filled with gypsum, and this mineral forms flakes and nests 
throughout the formation. The shales between the three sandstone horizons con- 
tain several poor seams of coal, very irregular in thickness, and it appears from some 
abandoned workings that they frequently thin out very rapidly. The best 
and steadiest seam or group of seams is near the upper part of the second sand- 
stone horizon and is descending 



Description of beds. 
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This is the Kh6st coal horizon, which further south-east improves greatly. The 
dip is steady, 40® to south-west. 

The hill-side is greatly obscured by debris and slipped masses, besides which 


c 
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some minor faults evidently repeat the section, for as I ascended I found, after a 
small thickness of shales, the same series of sandstone repeated, which passes into 
a considerable thickness of coloured shales, and above it follow some 150 to 200 
feet of brown to olive coloured sandstone on which rest conformably the grey fos- 
silifetous upper nummulitic limestones ; which again are overlaid by the grey, and 
further on by the purplish red sandstones of the Siwaliks. 

Higher up a fault which runs parallel to the strike of the hill range, cuts off 
the section and the upper portion of the upper nummulitic limestone with the great 
mass of the Siwaliks is repeated. 

Mr. Jones had also examined this last section, and has found several repetitions 
^ of it caused by local slips and faulting ; he says that “ there 

r. Jones on Khdsfc, distinct landslips on the face of the hill, so 

that the coal-seams are repeated three times, thus giving the idea of a large number 
of seams. The section according to him is as follows : — 
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Below this are seen the variously coloured clay shales which have been let down 
by a fault, and the whole section is repeated. 

The ground immediately to the south of the Dabak section (and W.S.W. of 
Buzgai Raga) is very similar to the area last described. Very little of the beds is 
seen in situ, owing to the numerous minor faults, and the enormous mass of debris 
which covers the hill-sides. The climbing of the latter is exceedingly easy, though 
rough, hut very little is seen of the lower and middle parts of the section, I could 
distinguish, thoagh not so clearly, the three sandstone zones alternating with green 
arenaceous shales, which latter seem to be in greater thickness in this section. 
They are traversed by a network of veins of gypsum, and there is much surface dis- 
integration and bulging out of the shales in consequence. 

The sandstone beds both below and above the coal-seams are full of organic 
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remains; plant-impressions, stalks and carbonaceous matter, besides a great 
number — ^whole nests in fact— of a species of unio^ thus clearly showing the fresh- 
water origin of the horizon. 

The upper portion of the gentle slopes which are composed of these sandstones, 
and the shaly beds above them, is almost entirely covered up by the debris from 
the upper nummulitic limestone, which forms a distinct cliff, a precipitous scarp 
facing northwards. It is composed of a light-coloured limestone full of fossils, 
corals, foraminifera, gasieropods and bivalves. This upper eocene subdivision 
forms the highest part of the crest and part of the dip-slope, which descends down 
the other side of the range. It appeals to be about 150 to a 00', thick, but it is most 
probable that this does not represent the entire thickness, as it has no doubt been 
extensively denuded before the lower Siwaliks were deposited on it. 

Above this upper nummulitic limestone follows the fenuginous grit with chert 
nodules, and irregular layers of impure limestone chiefly made up of rolled num- 
mulUes from the limestone below, and this is overlaid by grey grits (with fossil bones) 
and greenish grey sandstone of the lower Siwaliks. The great hill-mass (7,810') 
west of the ridge is made up of the purplish red and brown sandstones of the 
Siwaliks. The dip of the upper nummulitic limestone, which is the same as that 
of the beds below, where not locally disturbed, is 33° S.W. 

A very curious concretionary limestone grit, which weathers a dark mst colour, 
forms a small thickness between the upper nummulitic limestone and the coal- 
horizon below, but I have not met with tibis bed in the sections further south-west. 

The hill-side south of the rest-house at Khdst shows a similar section to those 
Sooth of the Khost further to the noith- west of it, but the coal-bearing horizon 
Rost-House. jg better developed. There seem to be four distinct hori- 

zons of greenish grey sandstone, which contain numerous wiio and some plant-im- 
piessions which are alternating with green shales, in the lowermost horizon of 
which the workable coal-seams occur. 

Above this sandstone and shale series follow highly coloured, pink and greenish 
clays and arenaceous beds with sandstone partings. 

The sandstone and shales series with coal-seams does not exceed 350' in thick- 
ness apparently, whilst the highly coloured clays and shales above may be about 
Soc/, but that is only a rough estimate, as the numerous slips and small faults put a 
coirect measurement quite out of the question. 

The highest beds of the seciion are, as in the former cases, sandstone and grits 
which are conformably overlaid by the richly fossiiiferous upper nummulitic lime- 
stone. 


About 2 miles south-east of rite Rhdst station this limestone is overlaid by the 
grey sandstone of the lower Siwaliks, which have yielded some rather good and 
well-preserved fossils in the grits near their base ; the upper beds are, as already 
seen in the sections north-west of Edidst, formed by the purplish red mottled saud- 
stone and shales, also containing bone fragments, but they are less well preserved 
than those found in the lower beds. Together this Siwalik series forms high and 
steep scarps along the entire crest of the range south of Khdst, presenting dip- 
slopes towards the south-west on the other side. 

Almost due south of Khdst station the face of the clifi is much faulted, but 


South of Khdst Station. 


several lajge and intact blocks have slipped down on the 
north slope, which are now mined for coal, and which so far 
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have yielded the best fuel. There are two series of mines separated by a tongue 
of debris which occupies a shallow valley between spurs of middle eocene. The 
spur on the north-west side of this tongue of debris shows about the same section 
as the hill-side south-west of Buzgai Raga; the lowest beds which are 
exposed — ^in fact the middle horizon of the middle nummulitic—consist of 
greenish-grey sandstones, with reddish grits and sandy beds. They pass into 
highly coloured clays and shales with gypsum, which are overlaid conformably by 
the fossiliferous upper nummulitic limestone. The chief coal-horizon is found in 
the sandstones and shales below, and I believe that there is only one good seam, 
consisting of a very steady bed of about 2 feet of coal, with a parting of 
gypsiferous clay shale of varying width. Above and below occur insignificant seams, 
generally only of a few inches in thickness, which frequently are found to thin 
out rapidly, and then generally pass into a ferruginous layer, which sometimes 
shows some thin partings of leafy coal. The dip varies from 40 to 45® S.W. and 
S., and the workings are all on to that seam. There are several minor faults which 
have repeated some of the beds several times over, which makes this subdivision 
of the eocene appear to be of much greater thickness than it really is. 

The upper nummulitic limestone, which forms a conspicuous light-coloured 
,,, , band along the hill-side, is overlaid by the ferruginous and 

chert beds with concretions (pisolitic) of clay iron ore. This 
passes into a ferruginous conglomerate, which locally becomes a coarse grit; it is 
overlaid by and interstratified with grey Siwalik sandstone. The grits often form 
patches in the sandstone which contain fossils, — fragments of bones and teeth in 
excellent preservation. The total thickness of the grey sandstone with the grits 
below can scarcely be more than 300 feet. 

The highest part of the range is formed by reddish purple and rust-coloured 
sandstones and shales, also containing fossil bones, which rest conformably on the 
lower beds, but are of much greater thickness. I estimated the thickness south of 
Khdst at not less than 800 to 1,000', but this does not represent the total develop- 
ment of the lower Siwaliks, which is enormous. The dip is about 40® S.W. and S, 

The Khdst collieries which are south-east of the tongue of debris mentioned, are 
situated in a wedge of the middle nummulitic which has been let down by a system 
of parallel faults. Indeed, this has been proved not only by the features on the 
surface which are somewhat obscured, but by the fact that in several of the work- 
ings it has been found that the coal suddenly nips out, — owing no doubt to having 
been crushed against a fault plane. 

The range on the right side of the valley shows much distarbance between 
_ Khdst and the gorge south-west of Ombo. A series of 

* small faults showing no special feature, save that they axe 

directed generally from south-east to north-west, have let down the hill-side in steps, 
which gradually bring the upper nummulitic limestone down to the level of the river 
(see plate I, fig, i), which is the case south-west of Ombo. The result is that the 
otherwise normal section of the middle nummulitic has been repeated several times, 
and mining is rendmd much more difficult thereby; several apparently fine out- 
crops of coal may be seen along the bill-side, one south of Ali K.hdn being specially 
remarkable owing to the fact that the local disturbance which the beds have suffered 
have resulted in a most intricate folding of the beds and with them that of the 
coal-seam, winch being closely folded and dove-tailed, measures at one place not 


Ali Khio. 
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less than 14 feet, the actual and original seam ydth its centre paiting of shales being 
not more than a little over two feet. 

About 2 1 miles south-east of Ali Elhdn the beds sweep round the scarp of the 
range and up the low pass of Spar Bdz leading to Shangal, where another small 
fault may conveniently be observed, — ^this one of south-west to north-east strike* 
Considerable crushing may be observed eastwards of the fault, and the upper 
nummulitic, which forms a good landmark in the section, is seen to form the lower- 
most rock in the river-bed. The entire crest of the range is formed by the 
lower Siwaliks, the grey sandstone with the purplish red sandstone and shales 
above. The continuation of the section downwards must be looked for north of the 
range, amongst the low hills and the undulating country which form the base of the 
trough and immediately west of Ombo, the watershed between the Khdst and Ombo 
rivers. The greater part of the valley is covered by the enormous fans which de- 
scend from the Khaliphdt range, but recent denudation has worn them into long 
strips and has formed long V-shaped channels in the great thickness of gravels and 
recent sandstone which compose the fans. Further away from the hills, in the low 
reaches between Khdst and Pdnga, the middle nummulitics are exposed in patches 
surrounded by recent deposits, and are found to be extensively folded, crushed 
and dipping in every direction. Thin coal-seams are found in these beds, but they 
are far loo much disturbed to be of any great economic importance j where seams 
of this kind are seen, they can and often are followed up by native contractors, but 
in such disturbed areas scientific mining is altogether out of the question. 

Patches of such rocks are seen here and there in the deeply eroded channels 
which are formed in the fans, and north and north-east of Ehdst some thin coal- 
seams are seen in the green shales and sandstones of the middle nummulitics. 

Mr. Jones has examined the Khdst sections and in his MS. report has given the 
following section which is exposed in the eastern Khdst ravine, just below the 
variously coloured shales which overlay the main coal-horizon of Khdst • 


Description of stKatft. lliickneBs, 

ft. in. 

1. Hard brown sandstone . • • « • *200 

2 . Light green shales • • 3 10 

3. Deep red shales , . *33 

4. Green shales • *47 11 

5. Brown sandstone with shaly partings • • • • *50 

6. Grey clays .....*«<*<3o 

7. Calcareous sandstone (near the top of which are of carbona- 

ceous shales, thinning out rapidly) ■ • • • • 10 o 

8. Shales ....,...••80 

9. Soft brown sandstone with partings of shales . . < . 12 o 

xo> Very light green shales, arenaceous near base • . » . 40 o 

It. Shaly sandstone with clay nodules and partings of shales, pass 

Into (10) 29 o 

12. Alternation of greenish grey arenaceoos shales and sandstone* 30 o 

13. Carbonaceous layer ....«*** o 

14. Dark shales *14 

15. Parting of ferruginous shales .04 

x6* Dark shales . . . • . < . . . oti 

17. Light green clay shales , . * . . . • t 7 5 

18. Coaly shales ...,.•.,.10 
9. Blmsh green shales •.*••.*.20 
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Shaly sandstone, passing into (41) 
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The recent deposits of the river interrupt the section here, but at places the 
sandstone and shales may be seen to underlie the recent gravels. 

North of Khdst and near Hdji Kits there is a thin seam of coal in the shales 


HAji Kats. 


which dips 30® to north. It shows a good deal of crushing, 
is about 4" in thickness, and is traversed by calcite veins. 


The sections of the eocene division which are exposed between Hamai and 


ShAhrAg area. 


Shihrig are perhaps the best in this valley. As shown in 
pl« I, figs 2, 3 and 4, the sections do not consist of simply 


one normally ascending sequence of the eocene and Siwaliks, but we, may there 
observe several folds of considerable size. These folds to a large extent have 
nelped to determine the topographical contour of the country, and, indeed, we see 
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all along the north slope of the chain of hills ”which form the south-eastern contin- 
uation of the Khdst range, a series of lower hill ranges, running parallel with the 
ormer. They are formed of crashed folds of middle nummulitic beds with 
Siwaliks. North-west and west of Shdhrdg these folds disappear beneath the 
recent conglomerates, and only here and there much-denuded remains of the middle 
nummulitics show as patches, overlaid or surrounded by the recent formation. 

The section south-west of Shdhrdg is a continuation of the Ombo sequence 
of beds. Near the defile south-west of the latter place, the upper nummulitic 
limestone is seen actually at the level of the river, with the Siwaliks overlying it. 
From that point the upper nummulitic limestone is seen to ascend and sweep 
round the contour of the hill-mass south of Shdhrdgj the middle eocene shales 
and sandstone, which near Ombo are covered up by the river gravels, form a 
section below the upper nummulitic limestone, gradually widening as I followed 
it up eastwards. The coal-horizon which is found about half way up the middle 
eocene, must, therefore, have been covered up by recent deposits south-west and 
south of Ombo, and as near as can be they should be in situ at the base of the hill, 
due south of Shdhrdg. A boring at the base of the hill-side south of Ombo or south 
of Shihrdg ought in both cases to reach the coal within a very short depth ; near 
the latter locality the coal should be nearer the surface than at the former. 

The Pdnga stream passes from north to south through a broad belt of eocene 
beds, the exposmres of which are interrupted for considerable distances by the 
snb-recent and recent conglomerates which are locally of great thickness. But 
enough is seen of the beds to be able to say that all that part of the eocene, which 
lies north of the defile miles south of Pdnga, is greatly disturbed,— so much so, 
indeed, that it would be impossible to follow up every one of the numerous minor 
folds into which the strata of the middle eocene have been twisted. In its main 
features, the section one or two miles east of this stream is simple enough; it 
consists of a great synclinal which occupies the ground between the railway line 
and the stream which feeds the Sidh Ddd river on its left (or east) side» followed 
south by an anticlinal, or more correctly speaking what was once an anticlinal, 
the arch having been completely denuded away. South of that the eocene beds 
and the overlying Siwaliks dip south or south-west (see. pi. 1, fig. a). 

Considering this section in detail the structure is slightly more complicated ; the 
synclinal south of Pdnga is not much disturbed, and that chiefly near its eastern 
termination (west of Nasak), but the denuded anticlinal south of it is immensely 
crushed. Where the upper nummulitic limestone with the great thickness of 
Siwaliks above normally overlays the middle eocene shales and sandstone, the 
latter show little disturbance, except imediately near the surface ; but where 
these upper beds have been denuded away, as is the case within the area of the 
anticlinal, there the middle eocene, full as they are of gypsum in veins and nests, 
have undergone an extraordinary amount of local folding and disturbance. Not 
only have they been crashed and compressed into folds owing to the expansion, 
following the absorption of water by the anhydrite below the surface, but the latter 
having been converted into gypsum, is gradually dissolved out by the action of 
water, and so extensive landslips are seen all over the surface of this undulating 
country. The entire area shown on the map south-east of Shdhrdg and coloured 
as middle eocene has been thus affected, and is therefore useless for measuiing 
the se9tion, or for economic (mining) purposes. 
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In many of the side streams of the Si^h Did river, parts of the same section is 
repeated many times, and probably some twenty or thirty coal-seams could be 
recorded, which all of them turn out to represent different folds of, perhaps, at the 
most, two good-sized seams. In a side stream which joins the Siih Did from the 
right (west), — coming from Shihrig in fact, — ^veiy good examples of folds, both 
synclinal and anticlinal ones, may be observed,— proved to be such, not only by 
the constant repetition of the same bed (notably one, a calcareous sandstone with 
iurrttella)t but there are also several distinct folds seen in the bed of the stream. 
To measure the section by the ordinary means, with a measuring tape, 
would have been absolutely useless ; 1 had to do my best to arrive at an approxi- 
mate measurement of the section by surveying the steeper slope (see pi. 3 ) of 
the upper nummulitic and the middle eocene exposed on the scarp of the south- 
ern range. 

The lowest beds are nowhere sufficiently well exposed to allow a conect 
measurement, but 1 think my estimate of their thickness will be found to be ap- 
proximately correct. The following is the section shown on the hill-side, on the 
east or left side of the Tangi (defile) in descending order : — 


DmSlONB. I StlBDlVIBIONB. 


Plioceae and ) 

Upper mio- > Lower Siwaliks 
cene 


Eocene 



Upper Nammulitic 


Middle NmnnmlitiD 



Description of beds. Thickness. 


(la) Sandstones and earthy shales, 
generally of purplish grey to red 
colour ; often mottled brown and 
grey. 

(11) Grey sandstone of true Siwalik 
type, gritty irregular beds with 
fossil bones. 

(10) Grits, conglomerates and chert 
breccia. 


(9) Massive greyish and white lime- 
stones with fossils . • • 

(8) Greenish and yellow olive-colour- 
ed shales, sometimes light grey, 
alternating with light grey con- 
cretionary limestone full of 
fossils 

(7) Sandstone, shales and conglo- 
merate, weathering black, made 
up chiefly of pebbles of lower 
nummulitic limestone. Chert 
nodules amongst them > . 

(6) Bright coloured shales, red and 
greenish whiter with^ calcareous 
sandstones, weathering a deep 
brick colour . * . . 


250 


75 




200 


(S) Brown sandstone, weathers brick 
colour, with limestone beds, which 
are full of bivalves • . « 


6b 
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DmszovB. 


Bubditibiovs. 


Deaimption of beds. 


Thlokness 



( 4 ) Greenish brown sandstone alter- 
nating with bright green and 
grey shales with veins and nests 
of gypsum .... 

( 3 ) Shales, sandstone and two coal- 

96&niS • • • • ■ 

( 2 ) Alternation of grey shales and 
sandstone with beds of shell 
limestone near base of series; 
thin partings of leafy coal . 


(i) Green sandstone and shales ; g 
sum, base not exposed. Thi 
ness possibly . . • 


Total Thickness of middle and upper 

eocene ..... 1)935 



These beds dip about 55° south, but there is a good deal of rolling, and some 
of the beds are raised up to an angle of from 70° to 80°. 

Fossils are rare and badly preserved in the middle nummulitic beds of 
Shdhrdg, excepting in thin calcareous sandstone beds in the series (2) and (5), 
which are full of well-preserved Gasieropods, amongst which there are a number of 
genera ; also bivalves are met with, which form thick layers composed entirely 
of die shells of one species only. 

In a sandstone horizon immediately above the coal-seams of the series (3) occur 
large numbers of a species of uniot often forming regular nests. 

The coal-seams are very few in number, and seldom exceed a few inches in 
thickness, and often turn out to be nothing else but (^bonaceous shales ; only two 
seams appear to be good enough to rejay regular mining operations. They occur 
rather high up in series (3), and are both of about the same thickness, varying from 
2 feet to 2 feet 3 inches with thin clay partings. It is possible that they may turn 
out to be one and the same seam, simply repeated at very short distances by 
faulting, but it is very difficult to pronounce a decided opinion on the subject^ the 
hill-side being too much obscured by debris. 

They are close together, and form a hoiizon which may be followed for a long 
distance both south-eastwards and in a west and north-west direction. At present 
some contractors obtain a certain amount of good coal from shallow worldngs, but 
I understand that the North-Western Railway intends to work these seams in a more 
systematic manner. The uppermost beds of the middle nummulitic subdivision, 
which are of considerable thickness, do not contain coal-seams, but are chiefly 
remarkable for the considerable amount of gypsum which occurs in veins and nests* 


The boundary between this subdivision and the upper uummulitics is not very 


Upper nammolitics. 


distinct at Sh^hriig. A sandstone series with conglomerates 
seems to define the base 0! the latter; bnt excepting 


this, the two subdivisions pass from one into the other gradually, as the 







138 


Records of the Geological Survey of India, [vou XXVi. 


Siwaliks. 


bright coloured clays and shales show which also occur with and above the sand- 
stone, Higher up limestone beds appear and gradually replace the sandstone ; 
they are full of fossils, amongst which an enormous number of nummtiUUs 
of several species are remarkable. Where the rock is weathered, the ground is 
simply covered by the weathered-out nummuliies, so that frequently, and for long 
distances, one walks on nothing but these foramini/erce. In the upper portion 
of this series ochre-coloured to olive green shales are intercalated, but are not 
thick enough to be noticed from afar off. Fossils seem scarcer in them than in the 
limestone beds adjoining. A very predominant rock in this subdivision is the 
nodular limestone, which I first noticed in the Boldn in 1880,^ but which is found 
both in the lower nummulilic limestone ami in this subdivision, varying from each 
other but very slightly. 

Immediately above the upper nummulitic limestone and with bedding parallel with 

that of the latter, follow the lower Siwalik stiata. The 
ferruginous breccia (to) at the base also occurs here, locally 
associated with grits and a bed of chert nodules, above which follow the grits 
(with teeth and bone'i) and grey sandstones (11) of the common lower Siwalik type. 
These pass gradually into the red and greyish purple sandstones and shales 
(12), and both together form the precipitous scarp which constitutes the main mass 
of this range. From the crest of the latter one may view ridge on ridge formed 
of the lower Siwalik sandstones, all dipping south-west, with a dip-slope in that 
direction and a scarp turned to the north-east. Most probably these sandstones do 
not represent a Continuous sequence of strata, but a series of parallel faults combined 
with the dovetailing (scaly structure) so commonly seen where sedimentary deposits 
have been squeezed into narrow strips, have produced the peculiar contour of these 
hills, and have given the lower Siwaliks the semblance of an enormous thickness 
of beds. 

There are no great changes seen in the sections further south-south-east, and 

certainly the scarp shows the same sequence of beds, and 
that in a fairly normal — ue,y little disturbed — position, and 
even if the outcrop of coal (quite close to the small ravine 
which runs into the.main stream) is not always seen, being coveied up by debris, 
still the coal is there, and will be found either by sinking a shaft down on it, or, if a 
low enough spot can be found, by driving a level into the hill-side below the coal 
horizon. 

North-west and immediately adjoining the described section, the beds are more 
disturbed. Near the point where the path from Shihrdg descends into the river 
dose to the Tangi, the middle nummulitic beds are exposed on both sides of a small 
spur ; a coal-seam of about 2! is in siiuy and crosses the spur almost at a right angle. 
A number of thin partings of shale divides the seam into beds of coal not more 
than 6'^ to 7" each. The dip is very steep to the south, but what there is of coal can 
of course he taken out easily enough, and, in fact, when 1 visited the spot it was being 
removed by a native contractor. 

Up the Mil slope which stretches west and north-west from near the Tangi, a 
similar* section is seen as described above ; it seems a good deal disturbed near the 
surface, hut it is probable that the sequence of beds will be found to be normal at some 


Other sections near 
Sh^hrig. 


» Mem. Vol. XVIII, p. 30. 
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depth below the exposure. The coal horizon runs all along this hill-slope near its 
base ; the only indication of it near the surface consists of two thin seams, respectively 
6 and 7 inches thick, divided by a sandstone parting of I'l foot thickness, the whole 
enclosed within a series of shales and thin sandstone beds. Gypsum is found 
throughout the shales and even m the coal-seams. Immediately above this hoiizon 
is an impure calcaieous sandstone containing many well-preserved gasteropod genera 
represented by numerous species, whilst a sandstone immediately below contains 
unto which form whole banks and shell-beds. 

North of this hill-slope and in the Sidh Ddd stream itself nothing but very highly 
disturbed beds are seen, dipping almost in every direction; in fact the friable 
shales and sandstones of the middle nummulitics have been crushed and disturbed 
wherever the superincumbent strata have been removed by denudation. Seen 
from the hill south of Shdhrdg, which commands a fine view of the section south 
of Pdnga (see pi. i, fig. 2.), the structure appears to be plain enough. 

Immediately south of Pdnga rises a low range, which extends far to the south- 
- east, only broken through by the Nasak and Hamai 

streams ; this range consists of a shallow synchnal of middle 
and upper nummulitics and is capped by lower Siwalik sandstone. Denudation has 
excavated deep ravines into this range, and here and there reduced it to very nar- 
row dimensions indeed, as for instance near Hamai. It is best seen near Pdnga, 
where it is a conspicuous range, south of which may he seen a much-disturbed 
sequence of the middle nummulitics which dip north and south near the Pdnga 
synclinal and the “Shdhrdg” section respectively (see fig. 2.). This disturbed area 
is the site of an anticlinal, the arch of which has been denuded ; at the present 
moment this anticlinal, the general features of which are partly preserved, has been 
replaced by a number of smaller and crushed folds, consisting of the shales and 
sandstones of the middle nummulitics. 

In such a highly disturbed area it is only natural that we should meet with nu- 
merous exposures of coal-seams, some even of encouraging thickness, as the coal 
horizon near il.e middle of this sequence of beds has been repeated many times 
over through folding and faulting. That this is so, is proved by the structure of 
the beds exposed in the deeply eroded stream-beds, where numeroijs secondary folds 
may be observed. Frequently there are most encouraging coal-exposures met 
with within these folds, and surface workings have been commenced. I need 
scarcely mention, that as long as there are coal outcrops, like Khdst or Shdhrdg 
(near the Tangi) left, it could not pay to mine for coal in disturbed localities, such 
as those in the low hills south of the Pdnga synclinal. Where good-sized seams 
crop out, and can be reached without difficulty, native contractors may be allowed 
to take out the valuable mineral, but regular mining operations should be confined 
to such localities as we find 2^ miles south-east of Shihr^g station. 

As already shown, the hill-range south of Pdnga is formed by a simple syncli- 
nal ; the main mass of the range is no doubt made up of Siwalik sandstones, but 
near the base of it the eocene beds crop out. The southern slope of the range is 
affected by a good deal of minor disturbance merging into the crashed anticlinal 
alluded to already, but the northern slope is a normal sequence of beds, all dipping 
about 25° south. 

Close to the highest point of the ascent between Shihrig and Nasak, called 
Pdnga Ghdt, is a burial-place, not far south of which the upper nummulitic limestone 
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is in situ, forming a scarp facing north. This exposure of limestone may be 
traced along the whole face of the cliff in both directions ; westwards it is seen to 
follow the contour of the hill range, and is continuous with the band of limestone 
which crops out below the Siwaliks along the southern slope of the synclinal In 
the Nasak direction it follows strictly the contour of the range, where it forms a 
steep scarp south of the railway line to beyond Hamai ; this scarp is continuous 
but for the gap created by the Nasak stream which has eroded a defile through the 
range. The sliata forming this range dip steadily south-west at an angle of as" to 
45°. The limestone scarp is overlaid by the lower Siwaliks. West and below the 
upper nummulitic limestone (7 to 9) I observed that the bright coloured clays 
and green shales and sandstones of the middle nummulitic subdivision form the 
undercliff between the Pdnga Ghat and Nasak. 

Near the former locality itself nothing is seen of the beds which underlie the 
upper nummulitic linestone, but much-distorted beds of the middle nummulitic are 
iff situ and form the low hills, which protrude from the sub-recent conglomerates and 
fan deposits which stretch away to the foot of the Wangi and Khaliphit ranges. The 
beds which I observed in these isolated hills are much disturbed, but can easily be 
recognized as the green shales and sandstones of the middle nummulitics. In 
some places fossils (chiefly gasteropoda and oyster banks) are common, and here 
and there thin coal-seams and carbonaceous layers are found in the series, Mr. 
Tones desciibes a few seams from the hills north-east of Shdhr%, which, if 
less disturbed, would no doubt be valuable. As they are, they are only fit to be 
worked by natives in native manner. 

Mr. R. D, Oldham has already suggested, without specifying any particular 

spot, that a boring in the Ptinga Ghdt would reach the 

Coal below Pdnga. horizon. I may add to this, that almost any spot 

near the Pdnga Ghit might be selected, were it decided to attempt such a boring, 
and the only difference in sites would consist in the depth at which the coal 
horizon of Shdhr^g would be struck. A boring about loc yards south of the 
gangmen’s house on the gh^t ought to meet the coal-seams about 700' below the 
surface. This depth would lessen as one moves the bore-hole northwards, but 
on the other hand the possible chances of finding the middle nummulitics much 
disturbed further away from the hill-slope would lessen the certainty of finding 
the coal-seams. 

West of pdnga Ghdt a steep ravine leads down into the Ragani stream valley. 

The ghdt itself— the highest part of it— is formed by 
Ragani* the recent and sub-recent conglomerates, which in this 

ravine are seen to be of great thickness. They generally show quite horizontal bed- 
ding, and of course cover up unconformably the beds of the middle nummulitics ; 
the latter have been exposed in the Ragani stream, a tributary of the Nasak river. 

On the right side of the valley the scarp of the range is composed of the upper 
nummulitic limestones as already related, below which the crushed beds of the 
middle nummulitic shales and sandstones crop up. Near where the path from 
Pdnga Gbit reaches the Ragani valley, very little is seen of the green shales, etc., 
beyond some expoexires of crushed beds of it beneath the sub-recent conglomerates, 
but further on, near Ragani itself, the middle of the subdivision is in situ with its 
coal horizon. Th«:e appear to be about five seams divided by partings of clay shales, 
the total ttiickness of coal and shales not exceeding 6 to 7 feet. Very irregular 
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the seams seem to be, for some of them may be seen to thin out and to pass into dark 
grey shales within the distance of a few feet. It looks a most unpromising seam to 
woik, but it might be further explored by either boring south of it or by driving a level 
into the hill*side below the outcrop of the coal ; the latter, however, is so near 
the bottom of the valley that not much of the seam could be worked without 
interference from groundwater. The dip of the coal-seam and accompanying beds 
is about 40® south-west. 

The bright-coloured shales and clays with sandstone beds (6) overlie the coal 
series of Ragani, above which the upper nummulitic limestone rests conformably. 

The same shales and clays, deep red and greenish grey with bluish bands, are 
in situ on the left side of the Ragani valley, north-west of the village ; they are mostly 
covered up and obscured by the sub-recent conglomerates. But enough of them 
is seen to warrant the assumption that the whole of the middle nummulitics will be 
found to be greatly disturbed below the fan deposits, and that the fragments of 
seams which are met with in the crushed sections of the Ragani valley would be 
worthless for purposes of regular mining, although some of them might be good 
enough to be dug out by native mineis. 

A section drawn at a right angle across the ranges between Ragani and Nasak 

(see pi. I, fig. 3) reveals a structure very similar to that 
^Section west of Na- section south of Fdnga Ghdt. Theie is first a 

synclinal fold, — the south-eastern prolongation of the Pdnga 
Ghdt synclinal, only with this difference, that here it widens considerably, and ex- 
cepting that they are much cut up by denuding streams, the beds appear to be less 
distuibed than south of Pdnga Ghdi. 

The Siwalik synclinal is rather more than two miles vide, and near its south- 
ern flank, where the beds dip north-east (the point of observation is 3^ miles west 
of the village of Gachin), the contact between the lower Siwaliks (brovm grits) and 
the upper nummulitic limestone beneath is most distinctly imconformable. The 
Siwaliks dip about 50® to 55° north-east, whereas the limestone below is vertical 
or nearly so, its dip decreasing further south, until a noith-easterly dip has set in. 
Of course the unconformity between these two divisions may be an apparent one 
only, and the divergence of dip be explained by the enormous compression and dis- 
turbance which the area has suffered, but the exammation of the section further 
south shows clearly that there is a gieat unconformity between the two series of 
strata, as indeed one might suppose that such must occur when a fresh-water deposit 
follows a purely marine one. 

A very fair section is obtained on this line about miles south-west of Nasak, 
where a small stream has cut through the beds south of the synclinal. The beds 
between the upper nummulitics and the normal sequence of strata on the southern 
or main range, are practically an anticlinal, the dip being north-east and south-west 
respectively, but as is the case south-east of Shdhr^g, so also here, the upper part of 
the anticlinal having been denuded, the middle nummulitic shales, etc., which form 
the greater part of the section have been exposed to chemical and mechanical 
action, And thus we see them now puckered and folded in a most co hpUcated man- 
ner. There is a good deal of recent debris, which obscures the sewon at places, 
but leaving unnoticed the numerous minor disturbances, inversions and faults, I 
could observe not less than two, perhaps three, distinct folds within the belt of 
middle nummulitics. 
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The upper nummulitic limestone is of the same thickness as along the scarp 
near Ragani, and overlies a series of soft alum shales with sandstone partings, 
which may be of about 600 to 800 feet in thickness. They pass conformably into 
a horizon of shales and sandstones, which contains coal-seams. I noticed two coal- 
seams besides one or two carbonaceous layers. The upper coal-seam is about i' to 
to I'a'^^in thickness, whilst the lower coal horizon appears to be a continuation of the 
one worked at Khdst and Shihrdg. It consists of two seams of 8''" and 4'^ of good 
coal, divided by a shaly parting of to 1^ 6’. The beds are much disturbed and 
crushed, whilst the dip of the seams is nearly vertical, and the whole series is tra- 
versed by numerous gypsum veins. 

These seams occur near the base of the valley which runs parallel to the strike of 
the anticlinal. Close to the coal seams, apparently above them, occur shales and 
calcareous sandstone beds, full oi gasteropoisy which horizon was also observed south- 
east of Sndhrdlg, From the base of this valley to the crest of the range south of it 
the section is again an ascending one. Sandstone shales and above it the greyish 
white and pink clay shales of the Shdhr^g section may be observed to gradually pass 
into a great thickness of beds which belong to the upper nummulitic subdivision 
It is an alternation of light coloured grey limestone, full of nummulites and other 
fossils alternating with yellowish green shales. Many of the limestone beds possess 
the peculiar nodular structure already often noticed, and with the latter occur 
numerous chert concretions full of foramifiiferce. This development of the upper 
nummulitics is lithologically precisely the same as that of the “ Kiithar ” limestone of 
Sukkur and Rohri, and evidently belongs to the upper portion of this subdivision, 
which is fully represented in the present section, but has been denuded away in 
the neighbourhood of Khdst and Shdhrdg. This being so, explains the unconform- 
ity of the lower Siwaliks over the eocene seen further north-east in the same sec- 
tion; the former rest upon different strata of the upper eocene in different locali- 
ties, and we may, therefore, assume that a considerable erosion of the npper nura- 
mulitics has taken place in early Siwalik times. 

The entire thickness of the upper nummulitic limestone with shales cannot be 
less in this section than from 1,200 to 1,500 feet. They form the somewhat steep 
slope of the main range along the southern flank of the section, and aie overlaid by 
the typical grits and chert conglomerate with grey sandstone of the lower Siwaliks 
followed by a great thickness of red sandstone. 

As already staled elsewhere, the upper nummulitic limestone forms the scarp 
Scarp betweea Na- south-east of Nasak as far as Hamai. South-east of Ifasak 
aak and Harnai. Station the road passes over a low pass, and through a cut- 

ting in recent conglomerate. Immediately east of it the road (and also* the 
railway line) crosses a low saddle formed by an anticlinal of middle nummulitic 
shales and green sandstones (with traces of coal-seams), flanked on each side 
by upper nummulitic limestone. Some short distance further to south-east, coal- 
seams are in stfu near the road-side ; they consist of a number of thin seams of 
leafy coal with many partings. The total thickness of coal available cannot be 
more than about 2' 6 *, but it is so much divided by shaly partings that it is quite 
worthless. This sequence of grey friable shales, clays, and coal-seams forms to- 
gether a series, about 15 feet thick, which dips 25° to 30° south-south-east and is 
underlaid by brown sandstone. The hill-side is too much obscured by debris to 
afford opportunities for a closer examination, but I estimate the thickness of the 
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middle numtmilitic subdivision which lies above this coal horizon at about 600^ to 
700', and is then conformably overlaid by upper nnmmnlitic limestone. About 
miles south-east of Nasak Station the Harnai stream makes a sharp bend to the 
north-east, and near it the coal (in very poor leafy seams) occurs again in the bed 
of the stream itself. From this point I traced it along xhe scarp on the right side of 
the valley, gradually rising to a higher level ; it dips 28° south. Above the coal- 
seams brown ochreous sandstone with impure clay nodules occurs, which has fur- 
nished some marine fossils, mostly small bivalves. Below the horizon with coal, 

I noticed a bed of grey shell limestone, patchy with red ferruginous stains, full of 
bivalves (valves generally open). The section above the coal to the npper num- 
mulitic limestone is highly disturbed, but presents no special features to be noticed. 

The section from Harnai to the spur of the Torghax — from north-east to 

The Harnai Section. — is, as may be supposed, very similar to the 

section west of Gachin already described. It crosses a 
synclinal (see pi. i, fig. 4 and pi. 3), passes then through a much- disturbed anti- 
clinal, and becomes an ascending section again until the Siwalik sandstones of the 
Torghar spur are reached. 

South of Harnai the scarp of the range already described shows a very fair sec- 
tion fiom the upper nummulitic limestone to the lower portion of the middle eocene. 
It has a sharp crest with a fine dip-slope of 25° south to south-south- west. The 
main features of the sequence of beds are in descending order as follows ; — 

Upper nummulitic , — Considerable thickness of dark grey to reddish limestone 
with echinoderms^ bivalves and nummulites throughout, ^e same facies seen also at 
Punga Ghdt, Khdsl, etc. It cannot be more than 180' to 200' thick and forms a 
steep scarp facing north, with a dip-slope of 25® to south. 

Immediately below this limestone are sandstone beds of a rather strange charac- 
ter; they are dark brownish grey and resemble the Siwaliks. Throughout its 
thickness ferruginous concretions occur, which weather out in irregular-sized 
nodules. In this sandstone, but seldom in the highest beds of it, occur sub-angular 
fragments of chert They are formed both in layers and singly. 

Below this thickness of sandstone is a bed of brown ochre-coloured calcareous 
rock, wMch also contains numerous sub-angular fragments of chert, being in fact 
partially made up of them ; locally it could be called a breccia. It is of no great 
thickness and passes below into sandstone ; it is dark grey to reddish in colour, and 
resembles somewhat the red Siwalik sandstone, bnt is more gritty. Near the base of 
this series is a conglomerate, which is made up of chert nodules and limestone 
pebbles, cemented together by grey sandstone. Though differing in some re- 
spects from beds in the upper nummulitics, it must be recognized as the lowest 
series of the latter (see series 7 of the Shdhrdg section). The conglomerate indi- 
cates an unconformity, but neither at Sbihrdg nor here could I see any divergence 
in the dip between the conglomerate beds and the shales of the middle nummulitic 
below. 

Middle Below the above, I observed the green and whitish grey 

and pink coloured shales with sandstone partings which seem to constitute a very 
constant horizon of this subdivision. 

Below these are gypsiferous shales, generally of greenish colour, with green and 
brown sandstone and clay beds. In the lower strata of this series a few thin 
seams of coal occur. The dip is 28® south-east, and as this block of beds is not 
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much disturbed, the coal might be extracted -with a fair chance of success. The 
most promising seam is about 2 feet 6 inches in thickness, but with a parting 
running along its centre. The coal could be got at by a tunnel at qt near the 
base of the range in the same manner as at Khdst but probably there would 
not be so much of it available as at the latter locality, for the present outcrop itself 
is not far above the base of the range. Below the coal horizon, green to brown 
sandstone and shales crop out, the lowest beds of which are not seen. 

South of the crest of the range, the section is, as indicated in fig. 4, a synclinal 
of upper nummulitic limestone which incloses crushed beds of Siwaliks, The latter 
show conformity along their northern boundary, but overlap denuded beds upper 
nummulitics along the southern flank of the synclinal. The base beds of the 
Siwaliks are strongly developed j the ferruginous grits and chert bed are seen on 
both sides of the narrow valley, and associated with the lowest beds of the grey 
sandstone overlying them, I noticed again the typical grits with bones. 

Near the unconformable contact of the Siwaliks and nummulitic limestone, I 
noticed once more the peculiar deposit immediately above the base beds of the 
Siwaliks, — ^namely, a calcareous irregular band, made up almost entirely of rolled 
nummulites sind flagments of the same, — all no doubt derived from the upper 
nummulitic limestone. This deposit is irregular in thickness, but in some places is 
most conspicuous from afar off, owing to its dark brown colour. 

Following this section farther south, and crossing the southern aim of the 
synclinal, I observed the upper nummulitic limestone composing the same, which 
dips at an angle of some 50*^ to 60° below the Siwaliks, and forms a steep scarp, 
which faces south. The descent into the valley beyond leads over the upturned 
beds of the upper nummulitic limestones, sandstones and conglomerates, — > 
finally over much-crushed beds of the middle eocene with carbonaceous layers, 
but no coal as far as 1 could see. It is quite possible that the coal thins out in 
these sections, as it undoubtedly does immediately west of the Hamai seams, which 
pass laterally into a feiruginous grit with carbonaceous layers. Near the base of 
the valley I observed shales with numerous fossils, chiefly which is 

probably the same horizon seen further northnwesi in the Shahidg section. 

The undulating valley, which is a continuation of the Shdhrdg-Gachin anticlinal, 
shows a very disturbed structure, and it appears most probable that there are several 
secondary folds and reversions within this valley, of which I give a diagrammatic 
rendering in pi i, fi[g. 4. 

Above these folds and forming the hill-slope of the spur of the Torghar which 
faces nonhwaids, there is a fine, and 1 believe very extensive, section of the upper 
nummulitics tn sttu. The base beds are formed of limestones and nodular lime- 
stone beds with light greenish shales, such as are seen also in the sections north-west 
of this one. Higher up come sandstones and green grits, with sandstone beds of 
very altered and Flysch-like character which I have not met with within the 
upper nummulitic subdivision in Baluchistdn before. The whole is once more 
overlaid by nummulitic limestone on which the Siwaliks rest in normal order. 
The green grits aud sandstones might possibly represent the lowest beds of 
the upper nummulitics, aud they resemble somewhat the beds of that subdivision 
met with in the Sh 4 hiig section, and the sequence of eocene immediately south of 
Hamai, Some of the sandstone beds in this section show concentric weafliering, 
very similai to the shales and sandstone of Flysch type which 1 noticed in the hills 
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Structure of 
north of Harnai. 


between Cherdt in the Peshawar district, where they are also associated with eocene 
beds. 

The sections further north-west, near the group of villages of Gachin, are very 

Gachin Sections. similar to those of Harnai ; they simply form continuations 
of the diagrammatic section, fig. 4, particularly as regards 
the south-western portion of it. 

In previous paragraphs in this paper I have mentioned that the range of the 
Chappar, which stretches to the east as the Khaliphit 
mountains and beyond, is made up chiefly of beds belonging 
to the lower mummulitic limestone, which form a simple 
anticlinal, much cut into by eroding streams, but on the whole showing its structure 
perfectly. The green shales and sandstones of the middle eocene overlie this 
limestone conformably, though along the margin of this range this feature can 
scarcely be observed ; first, the middle nummulitics have generally been covered up 
by aub»recent conglomerates and fan deposits as shown on the map, and secondly, 
because where an actual contact is visible, it is usually a di'sturbed one, because 
the softer shales and sandstones have naturally suffered much more than the com- 
pact limestones of the lower nummulitic, when the whole area was compressed into 
folds, and also because aided by denudation and other causes, the shales, etc., of the 
middle nummulitic have followed the laws of gravity and slipping off the highly incline- 
anticlinal, are now seen collected in amass of complicated folds at the base of 
the latter. It is, therefore, easily explained why little can be learned by studying 
the contact of the two subdivisions of the eocene along the base of this range. 
South and in front of the eastern prolongation of the Khaliphfit rdnge, and between 
the Pdnga river, and east of the Wdm Tangi, anothei and very distinct anticlinal 
extends, in structure precisely the same as that of the more northern one. Along 
the greater part of its southern margin it is flanlred by fans and sub-recent con- 
glomerates, whilst in the synclinal between the two anticlinals middle eocene 
beds are seen to overlie the lower nummulitic limestone (see pi, i, fig 2). 

I examined first the south-eastern and eastern termination of the range. Between 
it and Shdhrdg several low hills and isolated ranges stand out 
conspicuously from the gently sloping plain, which is formed 
of the fan deposits already mentioned. They are merely remains left of the nu- 
merous folds into which the middle nummulitics have been laid. I found the 
strata composing them dip irregulaily in all directions ; coal-seams appear in the 
mass of shales and gieen sandstones, but the bedding is far too much disturbed 
to permit their being regularly mined for. 

Near the western termination of the southern anticlinal and about 1 miles 
south-west of Wangi, a mass of shales and sandstones belonging to the lower 
beds of the middle nummulitic form a low range close to the anticlinal, and there 
the conformable position of the beds over the limestone may be seen. They 
consist almost entirely of a series of friable olive green shales with a few partings 
of calcareous sandstone. The two villages of Wangi are situated close to the 
mouth of a defile of that name, which not only cuts through the limestone anticli- 
nal, but also deeply down into the sub-recent gravels and fan deposits, which 
latter form magnificent, almost vertical-faced cliffs, several hundred feet high. 
At Wangi it is dearly seen that the range really consists of two anticlinal folds, 
which further east merge into one only. The stream which runs through the. 


Details. 
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northern Wangi, defile rises in the neighbourhood of Ziarat in the Khaliphdt anti- 
clinal, where it forms deep ravines, cuts through the Wangi defile, and flowing 
south has eroded a narrow and vertical-sided channel through the limestone, after- 
wards continuing its erosion of the fans south of the range, where it becomes the 
Nasak river. It affords an illustration of a river which could not have scooped 
out the defile through the anticlinal whilst the latter was formed ; the sub-recent 
gravels south of the “ Tangi ” are absolutely undisturbed, and yet have been cut 
into by the river, the defile through it being an absolute continuation of that 
which passes through the limestone, — ^with vertical sides and sharply defined 
course. • 

The upper beds which form the anticlinal are dark coloured crinoid and coral 
limestone, in which numerous fossil traces appear ; nummulUes are common. The 
sequence of beds is generally the same as the one observed in the Chappar rift, 
but fossil traces become scarcer as one descends in the section. In the upper 
portion of it, beds of nodular limestone are frequent, of the kind seen also m the 
Chappar rift ; this is a recurring lithological feature, and beds of this kind are not 
only seen in this subdivision, but also in the upper nummulitic, where I first 
noticed them. 

The lower beds seen in the Tangi are perhaps more flaggy in character, or 
at all events, many flaggy layers occur within the dark limestone, but I saw no 
shaUs. Before reaching the north end of the defile, the beds descend rapidly to- 
wards the north, completing the anticlinal. The dip is 60® north and the beds 
of limestone finally disappear below the horizontal sub-recent conglomerates. 

The synclinal between the two limestone anticlinals is divided into two drain- 
ages. The western one escapes east of Peri through the Wangi defile, whilst the 
eastern one breaks through the Wdm Tangi. The western valley (of Peri) is mostly 
filled by sub-recent deposits and fans ; there are traces only of the midde eocene 
shales near the northern margin of the valley. Near Shavzgi the ground rises, 
and a low pass leads into the Wfim drainage ; the middle nummulitic green shales 
and sandstone (with coal traces) are seen to form the pass and occupy the greater 
part of the synclinal valley on the other side, only pat^es of sub-recent deposits 
obscuring the beds, which are highly disturbed and crushed. 

The Wdm river breaks through the anticlinal of limestone and affords a very 
good section. The latter is seen to form a simple arch, minor disturbances and local 
faults excepted; the upper beds are dark limestone, full of minute organic 
remmns, and some well-preserved 'nunmuliies. Broken, the rock shows no kind 
of organic structure. In ihe upper part of the limestone series, nodular beds 
are common, similar to those of the more western W^gi defile. In the solid 
limestone beds I observed good examples of cleavage, and the whole mass of this 
subdivision of the eocene is Jointed throughout. 

Near the centre of the Tangi and close to the base of the arch, X noticed a 
. band of thin-bedded red and pinkish limestone, below 

Be emmte beds. which the beds become flaggy and alternate with shales 

and marls of light green colour; the lower horizon of it is a fine olive-green 
marl with die usual conchoidal structure which reminds me of some of the upper 
cretaceous horizons whidi I have seen in Baluqhistdn. 

This I take to be Mr. Oldham’s ielmniU horizon ; indeed the latter occupies 
the same relative position in the more eastern Mirib Tangi according to him and 
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seems lithologically very similar. I have not been’ lucky enough to find fossils 
in these shales. 

CONCLimiNG KfiMARKS. 

It only remains to add a few words on the economic value of the area. 
This, of course, consists in the large amount of coal which is available in the 
more or less constant horizon of the middle nummulitic subdivision. Most of the 
outcrops have either been worked or are sufficiently tested to prove the usefulness 
of the coal as regards quality and the limited thickness of the seams, and it is 
certain that even after the complete eihaustion of the Khdst collieries there will 
be a very large amount of coal left in other sections of the field, t will not enter 
here into the composition of the coal ; this has been done already^ by other 
obsewers. Mr. Jones has also attempted to compute the quantity of coal 
available, but he has certainly much under-estimated the latter. The fact is, no 
estimate, even approximately correct can possibly be arrived^at, which would be of 
the least practical use. The whole basin of the trough,” including the entire 
hill-range which bounds it along the southern rim, with probably a large area south 
of it, is part of the field and contains seams of coal. If only the Khdst seams are 
taken as examples and the amount of coal calculated on the thickness of these 
seams and the area of the basin, no doubt a fairly accurate idea of the amount 
of coal present in these strata would result ; but that is not the amount actually 
available. The greater portion of the basin is broken up by hiults, folds, and 
some of it has been carried away by denudation, so that only a small proportion 
of the total coal is available for mining purposes, and of these portions the exact 
limits are not known. In the above paper I have given a description of the 
distribution of the seams, and also indicated in outlines which I consider the 
most promising localities for opening works, after Khdst is exhausted or nearing 
that stage. 

Amongst the best of these localities is the clifif, miles south-east of Shdhrdg 
Station, with the area immediately adjoining it. This will undoubtedly offer as 
good chances as did the Khdst workings, and the locality is near enough, the line of 
railway to be worked cheaply. Next to Shdhrdg in importance, I consider the cliff 
between Pdnga Ghdt and Harnai ; there the seams are good, but the outcrops are 
too low down the hill-side, to allow the same process of mining to be adopted as at 
Khdst and Shdhrdg, The workings would be soon below the level of the ground- 
water, and therefore pumping would have to be resorted to, which would increase 
the cost of the output considerably. 

Still more difficult to work, on account of the undergroundrwater, would be mines 
established on the Fdnga Gh^t, or north of the river near Ali Khdn, were it decided 
to bore in these localities for coal, which most probably would be met with not 
far below the present surface. 


* Retards, Vol. XXII, PI, 3, p. 149, 



148 


Records of the Geological Survey of India, [VOL. XXVi 


Notes on the Geology of a part of the Tenasserim Valley •mith special 
reference to the Tendau-KamapyinG Coal-field; by P. N. Bose, 
B.Sc., F.G S , Officiating Superintendent ^ Geological Survey of 
India, (With two Maps ^.) 


Dr. Heifer, 183S. 


Section I. — Previous Observers. 

Mergui has probably been visited by more geologists than any other part of 

Borma. The earliest explorer was Dr. Heifer, whose 
second report (the only one I have had an opportunity of 
seeing) was printed in 1839.® It contains an account of an overland journey fiom 
Moulmein to Mergui. 

With regard to the coal in the Mergui district, Dr, Heifer observed several out- 
crops of it above Tirok Chhangh in the Great Tenasserim Valley. He observes, 
however, and rightly, that none of them “ promised to be of practical use, the 
quality being either inferior, of considerable specific gravity, intermixed with 
numerous iron pyrites, or the seams very inconsiderable."* 

Dr. Heifer was, however, very enthusiastic about his find of coal in the Little 
Tenasserim Valley, about five days' journey above the town of Tenasserim. He 
thought it combined all the desiderata required “respecting quality, quantity, and 
eswy access.” He considered this coal to be destined to supply the whole of 
India. It is to be observed that he was not awaie of the Tendau-Kamapying coal, 
the subject of our exploration last season. 

The next report is that of Captain Tremenheere, which is dated August 1841.* 

Though dealing chiefly with tin, it incidentally mentions 
Tremenheere, 1841. mine near Tendau. The Tendau-coal would, 

therefore, appear to have been discovered some time between 1838 and 1841. 

Captain Tremenheere also speaks of extensive beds of “manganese ore” 
between Therabwin and Tagu. The ore was, however, subsequently found to be 
akin to graphite in composition, and was called Tremenheerite by Piddington. 

Dr, Oldham paid a visit in 1855 and submitted a comprehensive report® on the 

coal and tin of the Mergui district. He describes the 
Oldham, i ss. deserted coal mines at Tendau which had been worked 
twelve years previously and notices the occurence of excellent coal north of Tendau 
at Heinlat and Kamapying. 

On the Little Tenasserim, Dr. Oldham found that the fine descriptions given of 
the coal there by Dr. Heifer were quite unsupported by facts. He says that “ out 
of a bed or beds which on the surface look like a bed of coal of more than 4 feet 


^ The boundaries of the coal area in Map have been laid down by my colleague, Mr. 
P, N. Datta, Assistant Superintendent, Geological Survey. The topographical features in 
Map a have been compiled from the old map of Lieut. Bagge and from tracings courteously 
furnished by the officers of the Survey of India of their last season’s work as it was in progress 
This map is therefore of an entirely provisional character. The patch of granite which has 
been mapped in aouth*west of the village of Tenasserim is from information, 

* Reprinted at the Government Central Press, Calcutta 1873. 

* Op. eif,, p. 36. 

* Reprinted in “ Geological Papers on Burma,” p, 330, 

* Reptinted in “ Geological Papers on Burma,” p. 373. 
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Theobald, 1855* 


thick, there is in reality not more than 18 inches, frequently much less, of good coal,, 
and this not in a continuous deposit but in irregular patches.” ^ 

Mr. Theobald appears to have accompanied Dr. Oldham. He was sent to ex- 
amine some coal which had been reported by Dr. Heifer to 
occur above the great rapids of the Tenasserim. He found 
that it occurs in small nodular strings, not more than an inch in thickness, and by 
no means continuous, having therefore no practical value whatever. 

In 1871, Mr. Mark Fryar, a Mining Engineer, was engaged by the Burma 
Government to report on the mineraliferous localities of the 
ryar, 7 . Tenasserim division. He has a short reference in his 
report to the coal at Tendau. He managed to dig from the mud and water of the 
river a sufficient amount of coal to make a large fire, and from the way in which it 
burnt, he thought that if required as a fuel on the coal-field or within a short dis- 
tance of it, the coal would prove to be very valuable.* 

The prospecting operations under Mr. T. W. H. Hughes in the Mergui district 
had special reference to tin. During the season 1891-92, 
Hughes, 1889-92. however, the coal on the Htiphanko at Kamapying was 

explored.* 


Section II. — Geography, 

I. The Tenasserim river. --The Tendau-Kamapying coal-field is situated in 
the valley of the Great Tenasserim river, which has its source in the Tavoy district. 
After running nearly north and south for about 200 miles (measured in a straight 
line) it joins the Little Tenasserim at the old town of Tenasserim. Thence 
the river takes a westerly to north-westerly course, and divides into two important 
channels. The main channel to which the name of the river is restricted flows in 
a general north-westerly direction, and has its debouchure near the town of Mergui. 
The other channel running nearly south to north and falling into the sea at Kyuk 
Phya is called after this village. Both of these channels are navigable without 
any serious difficulty at all times of the year for vessels drawing about 6 feet 
of water as far as Banlaw, a distance by the main channel of about 50 miles. 
The influence of the tides is felt as far at this place, though the rise of water 
during the lowest neap is very slight. The highest spnng-tide reaches about 
14 miles further north, as far as Therabwin. 

The river was found to be at its lowest from the middle of February to the 
middle of March. Even then, however, I succeeded with careful piloting in taking 
the launch Ataran drawing about 3 feet of water, as far as Therabwin during 
high spring-tide, Above Therabwin the river is full of shallows and rapids, and is 
navigable only for vessels of small draught between December and March, 

Waiersheds.-^On either side of the Great Tenasserim (between its source and 
the town of Tenasserim) there is a hill-range running parallel to it,--that is, in a 
general north-sduth direction. It is observable, that the principal physical features 
of the Tenasserim division- the chief rivers and hiU-ranges and the coast line- all 

Gculogical Papers on Burma,” p. 389. 

• « Geological Papers on Burma,” p. 419. 

* Records, G. S. 1 ^ Vol. XXVI, pt. i. 
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take this direction, vihich coincides with '.that o£ the dominant strike of the rocks 


constituting the country. 

Of the two hiU-ranges just mentioned, that to the east of the river forms the 
boundary between Siam on one side and the districts of Tavoy and Mergui on the 
other. It forms a well-maiked watershed ; the riveis rising from it on the Siam 
side flow into the Gulf of Siam, and those on the Tavoy-Meigui side run into the 
Mergui Archipelago. The hill-range toithe west of the river forms a minor water- 
shed, — ^the streams which have their source in it on the east side falling into the Great 
Tenassenra. Neither of the ranges rises to any very great heights, within the district 
of Mergui no peak being known higher than 2,500 feet. 

3, The Great Tenasserim Valley . valley between the two ranges just 
mentioned is what may be called the Upper Tenasserim Valley. The Tendau- 
Kamapying coal-field is situated in this valley. 

The main ranges on either side of the river send out spurs in all directions, 

which give the valley a hilly character. There is, however, 

Alluvial Sats. usually a variable stretch of alluvial fiat just bordering the 


river. 

The entire valley is very thinly peopled. The district of Mergui is greatly under- 
populated. The density of population per square mile 
Population, according to the last census is 9 ' 44 . In the serial order 
graded by density, it occupies the thirty-third place, having only three districts 
below it in the whole of Burma.! 

The Upper Tenasserim Valley is one of the least dense parts in the district. 
The populaton diminishes as we go up the valley. Within the coal-area, from 
Tendau to Kamapying, measuring about 30 square miles, there are piobably not 
more than 50 houses with 250 souls. 

The mean annual rainfall of the town of Mergui is 1837.® The rainfall of 

the Upper Tenasserim Valley will not be less than this 
figure. Wo had fine weather for two months and a half 
only, from the beginning of January to the middle of March. This fineness also 
is to be qualified. The whole valley used to be enveloped in mist till 9 or 10 
o’clock in the morning. During the five months we stayed in the valley Decem- 
ber to April), I doubt if there were as many bright mornings. From the middle 
of March rain began to fall, and not unoften in heavy showers and accompanied 
by strong gales. 

Tenasserim, which gives its name to the southernmost administrative division 
of British Burma, was a large and important city when the 
country was in Siamese possession. It has now dwindled 
into a small village with prpbably not more than 400 inhabitants. It was founded 
by the Siamese in 1373,^ A D. In 1759 the Tenasserim Valley was takeq from the 
Siamese by the Burmese King Alom Pra. After the Burmese conquest, the 
Siamese, who wfjie the principal occupants of the valley, deserted it and went over to 
Siam. The country l^as not yet recovered from the effects of that, depopulation. 
It be^e Briti^ teiyitory iq 1855, 


* Report on'the Census of Burma (1891), p. 15, 
» Report on the Census of Bnrtna (idpi)^ p 7. 
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Section III. — Geolosical Sketch. 

/. Moulmeln Group, 

(a) Lithology. 

Variously coloured clay locks and sandstones in different degrees of raiztnre 
and of alteration form the predominant constituents of this group. There is one 
kind of clay rock w]iich being dark and compact simulates the appearance of basalt. 
There is another kind of a lighter colour in "which fragments of felspar and of granite 
being interpersed give it partly the appearance and character of tuff. Conglomerate 
is rare. I met with it in only one placemen the island just opposite Mergui, where it is 
developed in massive beds. There are a few bands of limestone of a highly crystal- 
line character. It occurs in highly precipitous, jagged, bare ridges which form a 
most attractive feature in the scenery of the country. In these ridges occur caves^ 
of vaiious dimensions. Some I measured on the Great Tenasserim and the Lenya 
rivers were from 50 to 150 feet in breadth, and 60 to 250 feet in length. 

There are also bands of carbonaceous shales with occasionally thin and vari- 
able seams of much-ciushed, lustrous, graphitic-looking coal. These shales 
sometimes occur in close proximity to the limestone, as at Therabwin. At one 
locality above the great rapids of the Tenasserim I found the shales in superposi- 
tion on the limestone. 

The carbonaceous shales just mentioned are very widely distributed. They 
occur at various places in the Upper and Lower Tenasserim Valley — at Therabwin, 
Bankyot, Tagu, Thaket, Marton, etc. They are also known in the districts of 
Tavoy and Amherst, considerable tracts of which are constituted by the group 
under description. 

($) D^tuibance. 

The prevailing strike varies between a few degrees on either side of north and 
south. The dips are rather high, being seldom lower than 45® and sometimes as 
high as 80®. The beds axe often found to be contorted. In the Upper Tenasserim 
Valley, on the west side of the river the dips chiefly point westward, and on the east 
side they were mostly found directed eastward, so that the main Tenasserim Valley 
would appear to lie along a denuded anticline. 

(0 Age. 

The only, rock in the group which has yielded fossils is the limestone. It 
being highly crystalline, the fossils cannot be extracted without great difficulty. 
After some search in die neighbourhood of Therabwin I succeeded in getting 
together a small collection. It consists of the following well-marked carboni- 
ferous forms which have been determined by Dr. Noetling, the Palseontologist of the 
Survey : — 

Sckmagorinot^blaftfwdii sp. Nov. 

LomalHa tdaUiutrUif Wasg. aad Weutih sp. indet. 

LUhoairaiimt sp. Nov. 

>It may be wentioned that thick deposits of the excremejita of bats cover the floors of 
these caves, and the stuff may be, and to a small extent is, uiflised. 
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Araporat cf« ramosa, Waag. aod Wentz. 

PolyporOy cf. hiarmiea^ Keyserl. 

Productus, cf. sumairensiSf F. Rcemer, 

Atkyris sp. 

Spirifer sp. 

Bellerophon sp. 

PlewotomariOf afif. dttrga, Waag'» 

Mttt ckisonia sp. 

Dr. Oldham, who called the group under conflideration after the town of 
Moulmein, met with a similar assemblage of fossils in the limestone at the well- 
known caves near that place. 

There can be no doubt of the carboniferous age of the Moulmein group, on 
the supposition, of course, that the limestone from which the above fossils have 
been obtained is an integral portion of it. I must say that I have scarcely any 
doubt on this point, though the evidence is not quite so conclusive as might be 
desirable. 


2 The Ten^au Group, 

{a) Area and Lithology. 

It occupies an area of about 30 square miles between Tendau and Kamapying, 
and is important as the group in which the workable coal of the district occurs. 

Towards the base of the group occur shales and sandstones. The latter are 
medium-grained and reddish coloured, and were noticed to nnderlie the shales at 
the Ch4 Mitwe stream (near Tendau), the only place where the base of the group 
is well exhibited. 

The shales are variously coloured from greyish white to black, the darker 
colours being indicative of the proximity of coal which 
Shales, described in detail in the next section. They 

were encountered only on the western side of the river ; and there, too, were not 
continuously traceable. Being of economic importance they have been roughly 
indicated on the map by a deeper shade of the colour appropriated to the group. 
The shales thin out to the east and appear ultimately to disappear altogether 
in that direction, as they do not reappear on the eastern side of the synclina 
basin. 

Superposed on the shales are found conglomerates with interbedded sandstones 
and shales. The conglomerates are coarse, sometimes 

Conglomerates. extremely so, the constituent pebbles measuring a foot or 

80 in diameter. The pebbles are never well rolled, sometimes indeed they 
preserve their angularity to such an extent that the rock has more the appearance 
of a breccia, than that of a conglomerate. Amongst the pebbles are those of 
hard, compact clay-rocks belonging to the Moulmein group, The matrix of 
the conglomerate is more of a clayey than of a sandy nature. The sandstones in* 
terbedded with the conglomerates are massive, soft, and f^lse-bedded. 


(hy Disturbance. 

The Tendau beds have been disturbed so as to form a syncline, those on the 
w^tem side of the river eastward, and those on the eastern side dipping 

in the reverse direction. 
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The strike in the northernmost part of the area is in a north-east — sonih-west 
direction. But it changes on the Heinlat stream, "whence to Ten dan it maintains 
a north-north-west— -south-south-east direction, which is nearly the same as that 
of the strike of the “Moulmein” beds. It is remarkable how the disturbing 
forces, whatever they may have been, have continued to act in the same direction 
during so many ages. The dips are scarcely ever lower than 20° and are never 
higher than 40° ; 30^ may be taken to be the average dip. 


(r) Age and Mode of deposition. 


The Tendau beds rest uncomformably on the denuded edges of the Moulmein 
Uncomformable rela- strata. At the boundary on the western side of the river 
group. the l^ttter invariably dip westward, but on the eastern side 

they usually dip eastward. Besides, the dips of the younger group are not so high 
as those of the older. 


The Tendau group is, therefore, evidently younger than the Moulmein. Some 
Age. plant-fossils (mostly Dicotyledenous) and some fish-remains 

have been obtained from the shales belonging to the former group. Their exact 
determination, however, is a matter of the greatest difiSculty. All that can be said 
is, that the age in all probability is tertiary. 

That the deposits under notice were of shallow-water origin is abundantly ap- 
The deposits of shal- patent from the false bedding of the sandstones, and the 
low-water origin. great predominance and excessively coarse character of 

the breccia conglomerates. The Tendau-Kamapying beds extend for only about a 
mile or so on either side of the Tenasserim, and the length of the area occupied by 
them does not exceed 1 5 miles. There can be scarcely any doubt that they were 
laid down in a lake-like expansion of the then Tenasserim Valley, the physical 
configuration of the ground at the time of their deposition being much the same as 
at present. The material of the deposits was derived from the disintegration of 
the hills which still bound them in. 


y. Alluvium, 

The alluvial deposits in the Upper Tenasserim Valley consist of clay or loam 
resting upon sandy and gravelly beds. The former is usually coloured brownish 
and its thickness varies from 10 to about 40 feet. But the exact thickness of the 
latter could not be ascertained, A few borings were let down in the alluvial 
ground near Therabwin. But after passing through the loam, as soon as the rods 
came to the sandy and gravelly strata, the progiess was slow and ultimately ml 
or even negative. Sand and gravel filled up the hole as fast as it was made or 
even faster, as they sometimes came up with some force, somewhat in the manner 
of an artesian spring. The same difficulty was experienced with borings and dig- 
gings at Tendau and at Kamapying. Boring after boring, and pit after pit, had to 
be given up, as with the appliances at our command scarcely any progress could be 
made through the troublesome sands. 

The alluvial clay is more or less ferruginous and is at places cemented into 
a lateritic rock. Its vesicular character was in some cases found due to the agency 
of burrowing animals. Laterite due to the alteration of older rocks is also found. 
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Both kinds of lateritic rocks abound in the valley, though they are nowhere of any 
great thickness. 

The alluvial deposits are found to dip, though at very small angles. They 
would thus appear to have been slightly disturbed in recent times. 

Section IV,— The Tendau-Kamapying Coal in its economic bearings. 

/. Rxten/ of the Coal. 

From the last section it is clear that there is coal of two different ages in the 
Coal of two ages Tenasserim Valley, one belonging to the Moulmein (car- 

boniferous) group, and the other to the Tendau-Kamapying 
group, which is in all probability of tertiary age. 

The former coal is the more widely diistributed of the two. It has repeatedly 
The carboniferous raised d'elusive hopes of workable fuel from the time of 
coal worthless. Dj, Heifer, when attention was first directed to tibte mineral 

resources of the Tenasserim division, until the time of Mr. Hughes, when they were 
exploited by a large' staff of exploi^rs. During the present exploration the coal 
was subjected to thorough and systematic search, borings and diggings being 
made in several promising localities in the vicinity of Therabwin. In every case, 
however, it was found to be economically useless. It occurs only as thin lenticular 
strings or pockets seldom more than 2 or 3 ihches in thickness, largely mixed up 
with nodular white quartz, and containing a considerable percentage of ash. Often 
it scarcely deserves the name of coal, the shaly element predominates to such an 
extent. From an examination of the exposed outcrops of it, and from the results of 
the trial borings and diggings, I can say with some confidence that no workable 
coal is to be expected in the Moulmien group, at least in the Tenasserim division. 
This is a curious result considering that it is of carboniferous age, and the work- 
able coal in Europe is mostly of that age. 

The workable coal is limited to the Tendau-Kamapying group, which is probably 
Th^ younger coal of tertiary age. The group covers an area of thirty square 
alone workable. miles in the Tenasserim Valley. Within this area the coal 

has been met with only on the western side of the Tenasserim river. It has never 
Occurs on the western been found On the eastern side! and there axe considera- 

slde of the Tenasserim tions which make Us occunenCe there very unlikely, 
river* 

On the we^tferh side of tHe TenasSeriln’river the coal waS experimentally worked 
At* Cb4 Mitwe (Tea- ht 1 543 7^ or SO at a place called Chd Mifwe (Burmese 

dau).‘ for coal) in the village of Tendau. Ihe* old workings aie 

situated at a distance of a little over three quarters of a mile from the Great Tenas- 
serim river by the side of a small stream whidi, formerly known as Thatay-Chhanng, 
changed its name to Chd Mitwe since the working of the'ooal on its banks. 

The'eoal Had been extracted by open adits suiik on' itfe dip for a distance of a 

feftv yards along this stream ; shafts also had beten sunk 
14 WQt ng, albng' the strike for a distance of a few hundred yards 
north and south of the stream. One of these (at a distance of 2$o feet south of the 
point where adits had been sunk)'stiruck coal at a depth of about 65 feet, but none 
of it was mised, the works having been abandoned- shcrtly after the sinking of the 

shafts. 
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The coal in the Chd Mitwe stream has a total thickness of 7 feet t inches 
Thickness of the coal including three partings of shales, and of 6 feet 8 inches 
in the Chd Mitwe excluding these, 
stream. 

The Tendau-Kamapying strata at the deserted workings have an inclination of 
. . about 30® E.N.E. Southward they are mostly concealed 
southwards! by alluvium as far as the Ydngse Chhanng, in which there 

are good exposures, but presenting no indications of the exist- 
ence of coal, so that it must have died out in the intervening ground. In this 
ground several boring sites were selected along strike-line calculated from the direc- 
tion of dip in the Chi Mitwe stream. One of the borings at a distance of a quarter 
of a mile south of this stream gave the following section 


Alluvium * 
Brownish shale 
Black shale 
Coal • 

Shale • 


The coal in this section very likely includes thin partings of shale, so that its 
thickness is approximately the same as at the deserted workings by the Chi Mitwe 
stream. The coal must continue for a short distance further south, but it dies out 
somewhere north of the Yingse Chhaung, for in that stream no indication of it was 
observed by Mr. Datta. 

Less than a mile and a quarter north of the Chi Mitwe stream there is a small 

Traced northward. covered by impenetrable jungle and specially 

infested by leeches, which is known as Bochypo-chhaung. 
It was carefully explored by Mr. Datta, but not a trace of the Tendau-Kamapying 
rock was visible, being hidden by alluvial deposits. A boring was tried at a site 
chosen on the strike, which, as seen by the Tenasserim close by is N.ao® W.— S 
20® E. The lod after passing through the alluvium got down to conglomerates, 
progress through which was extremely slow. The boring had ultimately to be 
given up and another site was selected. Here, however, after the rod had gone 
down to nearly 70 feet without meeting coal or the shale accompanying it a bolt 
fell into the hole, which seriously obstructed progress ; and this boring too was in 
the end abandoned. 

North of the Bochypo-chhaung there is »o indication Of coal> or of the shales 

with which it is associated until we reach the Heinlat 
The Hdnlat, Kama- g^ream, which is situated in the village of Kamapying. 

About a .mile (measured in a straight line) from the 
junction of that stream with the Tenasserim river there is an outcrop of brown- 
ish shales resembling those in association with which coal is found elsewhere 
in the Tendau-Kamapying area. The shales, however, are only some 3 feet or 
80 in thickness and rest upon massive-bedded arenaceous clay rocks without a 
trace of coal. Proceeding a couple of miles along the strike north-westward, 
there occurs in the same stream at a dishince of three quarters of a mile to the 
west of the Tenasserim river a splendid seam of coal which at one point is no less 
than 23 feet in thickness. The coal was traced by close diggings and borings for 
a distance of about one hundred yards. 
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The following section was revealed at boring No. i : — 


Feet. Inches, 

Alluvium , . .*,« .*..30 

Hard blackish shale . a 6 

Coal (with very thin partings of shale) s8 6 

Hard grey shale a 6 


About 84 feet south of this along the strike, a pit (ii) gave the following 


section ; — 

Feet. Inches. 

Dark grey and blackish shale ..,••.,30 
Black shales with thin coal . « ... . . a 6 

Coal . .. «.«• .••.180 

Grey shale 7 o 


Twenty-nine feet S. 5® E. from the last along the strike, a pit and boring (iii) 
disclosed the following section : — 

Feet. Inches. 


Decomposed brownish shale x 6 

Coal woitly skaty . a d 

Black carbonaceous shale .......15 

Coal • .40 

Black carbonaceous shale 09 

Coal ..•.•,,«,,iOp 

Shaly Coal 30 

Black shale 4,.«,,,*«,94 
Sfialy CooX .......... C C 

Yellowish brown shale ........ 2 ^ 


Thirty-three feet S. 5® E. from the last along the strike, the following section 
was obtained in pit (iv) : — 


Feet. Inches. 

Decomposed shales a o 

Alternations of brownish grey and black shales . .*.54 

Coal 09 

Greyish black shales 3 3 

„ hard shales 2 a 


Further south, some pits and borings were sunk, none of which disclosed any 
coal. 

North of boring (i), some pits and borings were undertaken, in most of which 
the difBculty of passing through the sandy alluvium within the time and means at 
our disposal, and, in the case of pits, also of baling out water which appeared at only 
3 to 8 feet under the surface, was found nearly insuperable. The two following, 
however, snccessfully reached down to coal. One boring at a distance of 130 feet 
N. 10® W. of boring (i) gave the followmg result: — 

Feet. lodiea. 


Alluvium ,,,,90 

Dark coloured shales 4,10 

Hard black shales 4 o 

Black shale with thin coal •.•..•.06 

Coo/ 
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One pit 35 feet from the last, across the strike, escposed the following section : — 

Feet. 

Reddish loam 

Sand and gravel 4 

Coal 

(bottom not reached). 

From these two sections and boring (i), it would appear that the coal here is at 
least 13 feet in thickness. 

About three quarters of a mile further north on the Htipbanko, the following 
section was exposed by digging during the season 1891-92 1 

Feet. Inchea 


Coal o 10 

Shale ..••..••...a o 

Coal 3 

Shale <3 o 

Coal *4 6 


2 Quantity of the Coal. 

From the sections given above it is evident that the coal on the Heinlat thins 

AtKamapying ultimately disappears rather suddenly in the 

southern direction. There may be some faulting between 
the pits (iii) and (iv). But even if there were, the impoverishment of the seam 
in the southern direction is plainly shown by (iii^, in which within a distance of 
30 feet the 18-feet bed of pure coal has already suffered marked deterioration. 
The coal may reappear, but from what is seen on the Heinlat close to its junction 
with the Tenasserim, it may be confidently asserted that it will not be of any 
thickness. 

Northwards theie is reason to believe that the coal continues, though with 
diminishing thickness, as far as the Htiphanko. 

We shall be on the safe side if we assume the longitudinal extent of the coal 
at Kamapying to be only three quarters of a mile, which is very nearly the distance 
between the coal on the Heinlat and that on the Htiphanko, The dip in the 
Heinlat is 40®. But this is exceptionally high, and I think we shall be quite 
within the mark if we take 35® to be the average dip. 

The workable depth to which the coal could be worked in such a part may 
be taken to be 300 feet. For such a depth the horizontal extension of the coad 
in the direction of the dip would be some 400 feet. 

The average thickness of the woikable coal, between the Heinlat and the 
Htiphanko, may be confidently taken to be 15 feet. 

With these data, the total amount of coal at Kamapying would be found to 
he about 890,000 tons, taking 100 cubic feet of coal to be equivalent to only three 
tons. 

As there is some doubt about the extension of the coal in the direction of dip 
to any long distance, it would probably be safer to assume it to extend for only 

* Report on the Prospecting Operations, Mergui District, season 1891-93, p. 2, ^ Records, 
Geological Survey of India,” Vol. XXVI, Part 1. 
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worked at a 

about 300 feet to the eastward, within which limit the coal could be amount of 
vertical depth not exceeding 200 feet. On this assumption the total 
available coal at Kamapying would be about 600,000 tons.^ 

At Tendau, the coal probably extends along the strike for about a 

a half. Taking its mean thickness to be only 4 ^‘•.ould 
At Tendaa. maximum vertical depth to which it 

be worked 300 feet, the total amount of coal is found to be about 554*083 tonsX 
If, on considerations stated in the preceding paragraph, the vertical depth be 
reduced to 200 feet, which would assume a horizontal extension of the coal in the 
direction of dip of about 340 feet, there would be about 380,000 tons. 


5. Quality. 

The coal by the Heinlat stream is the best, the analysis of an average 

sample in the Survey Laboratory giving the following 
result:- 

Moisture * 

Volatile matter 
Fixed carbon 
Ash . 

The coal cakes, though not strongly, and the ash is light buff. 

The following is the result of analysis of a sample of coal from the Htiphanko 
stream explored dming the season 1891-92 : — 

Moisture . • 

Volatile matter « 

Fixed carbon • 

Asb • . 


Sinters slightly, ash reddish brown. 

Compared with Indian In the following table the coal is compared with some of 
coat, the best known Indian coals — 



Fixed carbon. 

Molstan. 

Volatile matter. 

Adk 

Karharbari (average)' . • . 

63*66 


a4'ot 

13*33 

Raniganj (good spedmen) , . 

Sr‘8(r 


37*50 

10*70 

Upper Assam' (Makum) * , . 

60 oO 

- ! 

36*3 

38j| 

Hemlat (Kamapying) . « • 

AA nA 

"'"P 

16*40 

1 3S’q8 

4*»8- 


As regatda the percentage of ash ihe Heinlat coal compares veiy favourably 
with that of Makum, and is far superior to that of Raniganj and Kaiharhari. It 
contains, however, less carbon. It ia a splendid steam coal* and) as it cakest it 
would be well suited for smelting purposes also* 

’ Manual oltba Gaotogj’ of India* Vol. Ill* page 80. 

*Manoal of the Geology of ladiat VV)1. til, page 103. 


« 3 < 5'40 

• 43'27 

• «'99 


. 16*40 
. 3S’o8 

. 4424 
« 4*28 
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The Htiphanko coal does not cake ; and it, as well as the Tendan coal, espe- 
cially the latter, contains iron pyrites which is supposed to 
^Pyrites in the Teodau render it liable to spontaneous combustion, The experi- 
mental working of the Tendau coal, fifty years ago, was 
given up chiefly on account of the presence of this objectionable element. The 
Heinlat coal, however, was found to contain very little of the pyrites. 

As regards thickness and quality, the Heinlat coal is by far the best in the 
• i+K v f whole coal-field. How far it maintains its thickness and 
Heinlat co e es . jjj direction of the Htiphanko it is difficult to 

say. On the Htiphanko it is found in an attenuated and somewhat deteriorated 
condition. It may, however, be safely asserted that half the estimated available 
coal* at Kamapying is of the Heinlat type. 

The coal comes out in good blocks. A few tons of it were extracted from the 
Heinlat bed last season and tried in the launch Ataran. The engine-driver pre- 
ferred it to any other coal he had used before. For steaming purposes it is above 
the average of Indian coals. 


4* Mining Expenses, 

The rather high dip of the coal is a somewhat objectionable feature about it 

and would make its extraction more expensive than in 
High dip but no Bengal, where the coal has a very easy dip. The stratat 

however, are nowhere crushed or contorted. The shales 
above the coal will afford a firm roof, so that there might be no necessity for timbering. 

Labour would have to be imported from India. Our Indian coolies were paid 

Rio per month. For a permanency the rate would be 
^ lower. Besides, the agricultural possibilities of the area, 

which is at present greatly under-populated, are great; and those members of the 
miners’ families who are not engaged in mining would find agriculture a very pro- 
fitable pursuit. A colony of Indian miners from West Bengal would change the 
face of the country ; and I have no doubt the district authorities will offer advan- 
tageous terms for their settlement. 

Taking into consideration the two unfavourable circumstances about the mining 
Mwtimum outlay. Tendau-Kamapying coal, ots., high dip and high cost 

of labour, the following estimate* made by Mr. Hughes 
last year of the probable charges for one ton of coal at the pit on an output of 
io,oc» tons a year may be accepted as a maximum outlay : — 


a a. 

Labour .38 

^toro 3 . . . . . . . * . . a .10 

Bstablishmeut and supervision • * . • * . « i o 

Haulage and contingencies .«.» ... .lo 

Royalty ..04 


S « 


1 That is, about 300,000 tons according to tbe lower estimate. 

* Report on the Prospecting Operations, season 1891*93, page 3. "Records Gno* 
logical Survey of India,** Vol. XXVl, Part 1. 
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Pr. Oldham also estimated the cost of the coal at the pit’s mouth at about R5 
per ton. 


Bamboo rafts. 


5 . Transit. 

(fl) Water-carriage. 

The coal at Tendau as well as at Kamapying is situated about three quarters of 
a mile from the Great Tenassenm river ; and the country 
Carriage from the pits between being tolerably level, a cart-road, or preferably 
to the river. tramway, could easily be constructed. 

At Kamapying there are some bad rapids below which it would be advisable 
to take the coal if it has to be carried by water. The distance is only about two 
miles, over pretty level giound. 

When the Tendau coal was experimentally worked in 1843, it was sent down to 
Mergui in bamboo rafts. Bamboo being plentiful in the 
area, the plan commends itself as economical, as the 
bamboos, after the rafts had been disburdened of their coal, would sell at a pretty 
high price at Mergui. 

However, though rafts might do for experimental working for a season or so, 

Objections to their unsuited for systematic woiking. In 

use in systematic work- the first place, the gam in expense, which accrues from 

their use, is to a large extent counterbalanced by the loss 
in time. The coal I extracted at Kamapying was sent down the river by 
rafts as far as Banlaw, a distance of about 36 miles. They took nearly five days to 
reach that place, whereas boats would scarcely take two. Secondly, the coal would 
be partially soaked in salt water in its passage below Teraphon. Thirdly, though 
bamboos are plentiful, they would not meet the demand caused by a systematic 
working of the coal. Fourthly, even if they did meet the demand, the market at 
Mergui being glutted, their selling price would utimately become almost nominal. 

If the coal be worked, and if it be conveyed by water, the best plan would be to 
have shallow-draught barges which could be towed down 

argespreerre Banlaw throughout the year, and from Therabwin 

during the greater part of it. As there is an abundance of good wood in the 
forests of the Tenasserim valley, the construction of boats would be a matter of no 
great expense. 


(h) Land-carriage. 

As the course of the Tenasserim between the coal-field and the port of Mergui 
is a most circuitous one, and as the river nearly as far down as Banlaw is full of 
shallows and rapids, offering serious obstructions to navigation, the idea of a rail- 
way has been broached. One of the objects of my exploration was to indicate the 
direction which such a railway would most advantageously take, 

There is a track in the southern portion of the coal-field which leads from Ch^ 
Mitwe (Tendau) to Therabwin, crossing a spur at a place 

^ ^ ^ ^‘350 feet above the level of 

the surrounding country. There is no other track in the 
coal area. Even going from one village to another, one must go by water. 
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Track from Therab 
win to Htombyo. 


Track from Therab 
win to Tanyet. 


There are two feir weather tracks from Therabwin which are resorted to espe- 
cially by cattle-dealers from Mergai and Tavoy. The bett 
known of these is the one to Htombyo. It crosses the main 
hill range west of Therabwin at a point not more than 600 
feet above the sea-level. The length of the track from Therabwin to Htombyo (in 
a straight line) is about 18 miles. The ground it traverses is comparatively easy. 
But the Kamapying coal would have to be brought down to Therabwin. ITie dis- 
tance between the two places is not great, being only about 12 miles, but two hills 
would have to be crossed, one at a height of some 1,300 feet above the level of the 
adjacent country. The total length of the railway from Kamapying to Htombyo 
Objections to it. would be about 30 miles. But large sea going vessels 
cannot come up to Htombyo ; so, the coal would have to be 
carried thence to Mergui in cargo boats or shallow draught steamers to be shipped 
to Penang or Rangoon, there being hardly any local demand. 

The same objection on the score of transhipment which always adds to the 

cost of transit holds in the case of the track from Therabwin 
to Tanyet, which has the additional disadvantages of being 
a little longer and of crossing a difficult mountain- 
ous country. 

North of the coal-field there is a track from Powat (8 miles north of Kama- 
pying) to Kyuk Phya, a port accessible to large sea-going 
Kyuh Powat to vessels. But the country between Kamapying and Powat 

is difficult, and for the purpose of carrying the coal the track 
will probably be found to be useless. 

If it be found advisable to have a railway at all, I would suggest a direct one 

from Kampaying to Kyukphya. The nature of the inter- 
ugges e me. vening country is not known at present, except that it is a 
trackless, unbroken jungle. But I do not expect it will be a very difficult one. The 
distance between Kamapying and Kyukphya is about the same as that between 
Kamapying and Htombyo. But Kyukphya being by the sea-side and having a 
good harbour, the suggested route, besides being shorter by the distance between 
Htombyo and Meigui, would save one transhipment. 

It is difficult to estimate the cost of transit. If the coal be carried by water, as, 

in case of its being worked, it will very likely have to be for 
some time at least, the carriage from the pits at I^mapjing 
to the river side below the rapids would be very little if a short tramway be con- 
structed, Thence to Mergui if there be a service of specially consiructed shallow 
di aught cargo boats towed by launches from Therabwin or Banlaw, the cost of transit 
would not, 1 think, exceed Rs per ton. 


Cost of transit. 


6, Other mineral resources, 

(«) Iron, 

In the course of the coal exploration, attention was also directed to the other 

mineral resources of the valley besides coal. Lateritic iron 
^^t^itic ores in the are widely distributed in the valley j but they are su- 
perficial deposits and do not, as a rule, appear to be rich* 
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One sample analysed in the Survey Laboratory was found to contain 36’o6 per cent* 
of iron. Another sample from Therabwin contains 50*49 per cent, of iron. 

But these samples aie of exceptionally good quality. The general run of the 
ores is far inferior to them, and I do not think their quantity or quality is such as to 
afford scope for an industry on a commercial scale. 

Close to the mouth of the Tenasserim, however, 6 miles to the west of Mer- 

gui, at a place called Maha Champa (at the southern extre- 
At Maha Champa. Gyun Island) I came upon extensive de- 

posits of iron ore. It, too, is of a lateritic character, being the result of the alteiation 
of argillaceous schists belonging to a group of rocks older than the “Moulmein” 
to which the name of “ Mergui " has been applied by Dr. Oldham (“ Geological 
Papers on Burma,” p. 377). The ores cover at least one square mile of ground ; 
and though from its nature it cannot go down more than a few feet below the 
surface, what there is exposed appeared to me practically inexhaustible. The 
quality is not very good. But the quantity wonld make up for this deficiency. A 
mixture of several samples (good and bad) was found to contain, by assay in the 
Survey Laboratory, 36*8 per cent, of iron,* An assay of a rather picked sample 
showed 37*58 per cent. 

The boats which wonld carry down coal to Mergui could take up the iron 
ore to the coal-field, so that its carriage would but entail 
daftry^ additional expense. If the boats did not carry the ore, 

they would mostly have to go back empty to the coal-field, 
which would be very uneconomical. Should the coal be worked, I would advise 
a fair trial of the Maha Champa iron ores. The Heinlat coal has been found to 
cake ; and there is splendid flux at Therabwin, as will be shewn presently. At 
present the demand for coal in the Tenasserim division is confined to a few 
steamers plying along tlie coast. They have been hitherto mostly using wood. 
But a tax has been recently imposed upon fire-wood which will have the olicct of 
raising its price probably so high as to make the substitution of fair-priced coal 
desirable. But even then, the local demand will never be sujBicient to support a 
properly worked mine. It would mostly have to be shipped off to Rangoon or 
Penang. In the event of iron works being stalled on the coal-field or close to it 
they would absorb a good quantity of the coal, and thus reduce the dependence on 
the distant markets of Penang and Rangoon.’ 

I must say, however, that the local demand for iron is surprisingly small. Al- 
most the only articles which the people want it for are knives and axes. They gene- 
rally do without ploughs, and when they have’ any, iron does not enter into any part 
of their construction. They seldom use any cooking utensils made of iron. Wood 
is so abundait that it will continue to be used for beams, railings, etc,, for a long 
time to come. There is not a single blacksmith in tlie district outside the town 
of Mergui. But the lequirements of the different (flstricts constituting tho Tenas- 
serim division will be considerable, and what is not taken up by them would pro- 
bably be more profitably exported to Rangoon and Penang ll^n coal. 

• The iron ores in the neighbourhood of Barakar, which are used in the works at that place 
contain from 04'a4 to 4Q'fi3 per cent, of iron, so that the average percentage i$ about the same 
as that contained in the Maha Champa wes. (See Manual of the Geology of India, Vol, III, 
page 370 -) 
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(f) Limestone. 

The limestone ridges in the vicinity of Therabwin wonld supply excellent flux, 
A sample of the limestone has been analysed in the Survey lAboratoiy with the 
following result : — 

Insoluble in dilute H. Cl. » . • . . . . 13*40 

Oxide of iron and alumina o 61 

Carbonate of lime . 85*85 

Carbonate of magnesia (by diSerence) . . . « « 0*14 

100*00 

If iron works be started, I think Therabwin wonld be a good site for them. 
It is quite close to the coal-field ; shallow-draught launches can come up to it 
throughout the year; and it has a large extent of flat giound suitable for a settle- 
ment. 

(0 Tin. 

Tin was formerly worked for at the following places in the vail ey of the Great 
Tenasserim 

(1) Tendau (close to the coal-field) at the head- waters of a stream of the 
same name. 

(a) Tagu, near the source of a stream of the same name. 

(3) Myengyee, about 6 miles N. N.-W. of Tenasserim. 

(4) Mai ton— There aie numerous old pits along the foot 0! a range of granitic 

hills north-east of the village. 

(5) Zoe, about 8 miles N. N.-W. of Marton. 

There aie also several localities in the Little Tenasserim valley where tin was 
worked of old. At picsent tin workings are confined to a place called Thebawhk, 
about 1 8 miles to the west of Tenasserim. For information regarding these and 
several of the deserted workings in the Great Tenasserim valley I would lefer to 
the reports of the prospecting operations under Mr. Hughes published by the 
Government of Burma. 

if) Gold. 

It is still washed for on a very small scale in the Tenasserim river at the old 
town of Tenasserim. I mention its occurrence more with a view to make the list of 
the mineral resources of the Tenasserim valley complete than to raise hopes of 
remunerative exploitation. 

y'. Summary, 

The results of the coal-exploration embodied in the present report may be sum- 
xnariaed as follows ; — 

(i) There is, in the Mergui district, coal of two distinct ages, carboni- 
ferous and tertiary. 

(z) The caiboniferous coal is far more widely distributed than.the tertiary, 
but is economically worthless. 

(3) The tertiary coal occuis at two localities — ChdMitwe (Tendau) and 
Kamapying, both situated on the right, or western, bank of the river 
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Tenasserim. There is hardly any chance of the coal being found on 
the eastern side of the river. 

(4) The available quantity of coal at Kamapying is oi least 600,000 tons, and 

at Chd Mitwe at least 380,000 tons.* 

(5) For steaming purposes the coal is far above the average of Indian 

coals. 

(6) The coal on the Heinlat at Kamapying is the most promising in the 

whole field. It is very thick, cakes though not strongly, and is 
almost free from iron pyrites, the presence of which in some abund- 
ance in the Tendau and the Htiphanko coal detiacts fiom its value. 
There are at least 300,000 tons of the Heinlat type of coal at Kama- 
pying. 

(7) Having regard to the high dip of the coal and the difficulty of getting 

labour locally, the expense of working the coal on a fairly commercial 
scale would amount to about R5 per ton. 

(8) The cost of tiansit to Meigui would amount to about 82 per ton, if the 

coal be carried in specially constructed shallow-diaugbt barges towed 
by stein-wheel launches from Theiabwin or Banlaw. 

(9) If a railway be constructed the best alignment would, I am inclined to 

think, be from Kamapying, where we have the best coal, to the port 
of Kyukphya, which is accessible to large sea-going vessels. The 
distance is about 28 miles. 

( 10) The presence of extensive deposits of iron ore at the southern extremity 
of the Kola Gyun Island, 6 miles west of Mergui, and the occurrence 
of excellent limestone at Therabwin are ciicum stances highly favour- 
able to the working of the coal, as an iron-industry would locally 
absorb a good quantity of it. 


♦ 


On a Magnetite from the Madras Presidency containing Manganese and 
Alumina, by T. H Holland, A.R.C.S., F.G.b., Geological Survey 
of India. 

Amongst a number of manganese ores recently received from the Kodfir 
mines, south of Chipparupale, Vizagapatam district, Madras Presidency, a specimen 
labelled “braunite” attracted my attention from its resemblance to magneute. I 
found it to be strongly magnetic, exhibiting distinct polarity ; and it had also the 
lustre, hardness and colour of magnetite, but gave a distinctly reddish brown 
sneak. The specimen was composed of a mass of granules, each about ^ inch 
across, and limited by faces which were apparently the result of mutual interfer- 
enca during the growth of adjacent crystals. 

• Tbeae figmres precltid9 the poBsihlUty of mining in the Tendao-Kamapying field on 
swh a large scale as that on which some of the Indian mines ate worked. The annual output 
of overate! these exceeds forty thousand temse 
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A nnmber of crystals gave an average specific gravity of 5'045. 
Chemical analysis gave the following results ; 


Moisture lost below 105° C. . 
Residue insoluble in hydrochloric acid 
Water lost by ignition . , 

Alumina (Al^ Oj) . . , 

Ferrous oxide (Fe O) . , 

Ferric oxide (Fcj Og) , 

Manganese oxide (Mn^ O4) . 


. o'i4 
. on 
» 2 18 

• 25a 

. 26 84 
.6478 
. 3'oo 



Qi’Ca 


99*57 


Separate determinations of the iron and manganese gave 66*74 per cent. Fe 
(equal to 92*16 Fcj O^); 2*183 and 2*144 per cent. Mn (equal to 3*03 and 2*98 
Mng O4 respectively). 

Neglecting the hygroscopic moisture and insoluble matter (both very small), 
and c.ilculating to 100, we obtain : — 


HjO 

FeO 

MnO 

AUOg 

FCj 04 

M03U4 


* 2*19 

. 27-03 
» 094 

. 254 

. 65*22 

• 2 08 


10000 

Calculating the atomic ratios of these we have— ' 


Fe 

R »0 

•■3754 

• 

4 

. *4077 

Mn 

. *01 J2 


• 

. *0132 

A 1 

« *«> 

a 

■ 

* *0247 

H 

. *12 6 

» 

• 

* > *• 


•5102 





The protoxide group thus appears in excess of the sesquioxides, evidently due 
to calculating the water as aprotoxide. The water, therefore, must be regaided, in 
part at least, as a hydrate of one or more of the bases. 

On comparing these results with previously recorded analyses of magnetites, we 
find that manganese has been found before replacing the iron, either with or with- 
out magnesia, but I know of no case in which at the same time alumina replaces 
the sesquioxide. The nearest approach to the Madias specimen seems to be a 
mangan-magnetite from Vaster Silfberg, described by Mats Weibull. Its specific 
gravity (5*064) agrees closely with that of the Madras mineral, and, as the autnor 
remarks, it is slightly lighter than ordinary magnetite. A chemical analysis by 
Rudelius gave— 

Fe 0 , . , 26 93 

MnO 3‘8o 

Fe, O, 6932 


100*03*- 

A variety of magnetite from New Zealand, analysed by Mr, F. J. Caims, under 
the direction of Professor A. H. Chester, in 1888, gave 4*98 per cent MgO and 
4*82 per cent MugO**. The Vizagapatam specimen is thus a new variety. 

und , petf , MHtheil ., vol. VII (i886), pp. 109 and no. 

* Mir .. Mag .> vol. VIII (1889), pp. 125 and 126. 
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On Hislopite (Haughton) ; by Thomas H. Holland, A.R.CS., F.G.S., 
Geological Survey of India^ (with a plate), 

L— HisTORV AND Chemical Composition. 

In the year 1858, Prof. Haughton proposed the name Rislopiie for *‘a remark- 
able combination of calc-spar and glauconite ” found by the Rev. S. Hislop at 
Nagpur in the Central Provinces.^ The specimen described presented the crystal- 
line form of calc-spar ; was of a brilliant grass-green colour, and effervesced briskly 
with weak hydrochloric acid, which dissolved its calcareous portion, leaving a 
beautiful, green, siliceous skeleton described by the author as “ glauconite.’* The 
original specimen, according to Professor Haughton’s analysis, was composed 
of— 


Green siliceous skeleton (glauconite) 

. 16*63 

Alumina . . • . , 

, 0*73 

Carbonate ol lime . . « . 

. 8 o *79 

Carbonate of magnesia . * , 

. trace. 


98*15 


From the description it appears that the substance was found associated with 
zeolites and other secondary minerals infilling crevices and amygdaloidal cavities 
in the Deccan lavas, which are known for the variety and beauty of the large 
crystals of hydrous silicates which they have yielded. 

There seems little doubt, also, that hislopite " is the substance mentioned by 
Lieutenant-Colonel Sykes in his paper “ On a portion of the Dukhun, East Indies,” 
communicated to the Geological Society of London in 1833. Col. Sykes found 
masses measuring z feet across, of a green colour, exhibiting the form of calc-spar 
hut of lower specific gravity^ {vide infra, specific gravity, p. 168). 

A specimen of calcite recently sent by the Hyderabad (Deccan) Company 
for determination presented somewhat similar characters to those of hislopite de- 
scribed by Prof. Haughton. Well-developed cleavage rhombs of calcite showed 
included patches of green material, similar to the green eaith which is so common 
in the amygdules of the Deccan lavas, and which has generally been referred to as 
glauconite. Sections examined under the microscope show a groundmass of 
calcite, with its characteristic cleavage and occasional GleitfiUchen, including botry- 
oidal and irregular masses of green earth (glauconite in part) ; and a colourless 
mineral, polarising with low colours of the first order, and exhibiting extinctions 
inclined to all tiie section-outlines. These, which frequently include portions of 
the green earth, proved, on separation by means of heavy liquids, to be heulandife 
(see plate), 

voL II (1858.59), pp. 176 aad 177} Phit.hfag., 4th s«., vol. 

XVII (1859), pp* ifi-18. 

* Trans. Soe.t voU IV, p. 425. 



GEOLOaiCAL SURVEY OF INDIA 

Holiwul Hjslopite Records, Vol XXVI Pt 4 






PART 4.] Holland : On Hislopite (Haughton). 167 

Two fragments were selected for determination of the carbonic acid. One piece 
yielded 31*47 per cent. (CO a) as an average of two closely agreeing results. The 
second fragment, kindly analysed for me by Mr. J. Cleghorn, of the Public 
Works Department, gave 30*49 per cent. The average of these two results (30*98) 
indicates the piesence of 70*41 p®r cent of lime carbonate, the remainder (29*59 
per cent.) being composed of heulandite, green earth and moisture. 

The complete analysis of the substance is as follows : — 

Specific gravity of the fragment analysed, 2*546^. 


Chemical composition. 


Moisture ■ . • . • 

. 4*03t 

Residue insoluble in acetic acid . 

, 33*476 

FegOs and AI,0{ ... 

, 0*247 

OaO . . • . • 

. 40*483 

COg • • • * . 

. 30980 


99*217 


The iron, alumina and a small portion of the lime are derived from the green 
eaith and heulandite, both of which are slightly attacked even by cold acetic acid. 
By this decomposition there is a small loss, due principally to the combined water 
in these hydiated minerals, and which cannot be accounted for by this method of 
analysis. Hence the total is below 100, A low total, probably from the same 
cause, may be noted in Prof. Haughton^s analysis. 

The above results show a much larger proportion of the included minerals 
than that indicated by Prof, Haughton’s analysis. But such variations need not be 
surprising for three reasons : — (i) The green earth is partially, and the heulandite 
wholly, decomposable by hydrochloric acid, the solvent which Prof. Haughton used 
to separate the carbonate of lime from the green siliceous skeleton. Hence the 
insoluble residue would be less than the total mineral included in the calcite. 
Even in acetic acid these included minerals are partially soluble. (2) The propor- 
tion of heulandite to green earth is variable. (3) The foreign substances are only 
mechanically included in the calcite, and consequently there is no necessary propor- 
tion between the minerals included and the host. This statement is verified by the 
results recorded below. 

Prof. Haughton in a later paper gives the following result of his analysis of 

> With the chemical analysis oE mixtures of minerals (as all rocks are) in which the 
proportion of constituents is variable, it is very important to determine the specific gravity of 
the actual fragtaeni analysed^ whatever be its size. In this way a quantitative mineral composi- 
tion can often be stated With considerable accuracy (v**<fe GeoU Sur, Ind.^ vol. xxiv, 
(1891)1 PP’ ®3a remark applies equally to minerals, in which (the spinels 

for example) isomorphous compounds replace one another to varying degrees. In offering this 
suggestion I do not imply thatihe advantage of this proceeding is overlooked by other workers 
but whilst in many published analjimes other details (some none, the less important) are care; 
fully recorded, the discrepancy between the specific gravity and chemical analysis, which is 
often so evident, shows that this precaution is still frequently overlooked, with the result 
that the scientific value of the result is greatly depreciated. 
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calc-spajr, clouded-like plasma, with pale greenish streaks of a siliceous 
mineral” ; — 

Carbonate of lime .*..•».* 97‘19 
Green siliceous mineral 2’8x 

100*00 

He remarks that “the quantity of colouring mineral was too small for exam- 
ination, and its percentage much less than that of the Glauconite, which gives its 
rich green colour to Hislopite K** 

It would seem from this last remark, and from the fact that on the same page 
the author refers to the new minerals hislopite and hunterite, that he regards the 
proportion of green siliceous mineral as important, and places spedfic value on the 
term hislopiie. With this in view I examined a specimen of green calc-spar in the 
Geological Museum, Calcutta, labelled “Hislopite, Nagpur,” The analysis 
showed— 

Carbonate of lime 95 ' 3^5 

Moisture, inclusions, etc, 4 ’^^S 

JOO‘000 

of fragment analysed • . • « . 2*659 

There is thus a great variation in the quantity of material included in the calcite ; 
sometimes the inclusions are greater in quantity and sometimes less than that 
found in the original specimen of hislopite. 


II.— Specific Gravity- 

The variation thus found in different spedmens is evident to the naked eye in 
the specimen of gieen calcite sent by the Deccan Company. But a comparison of 
the specific gravities of different fragments demonstrates this fact more conclusively, 
and shows how the inclusions, when occurring in large quantities, give the speci- 
men a lower specific gravity, as was noticed by Colonel Sykes in 1833 (vide supra, 
p, 166), This, of course, is due to the fact that both heulandite and glauconite are 
lower in specific gravity than calcite 


SVBCIMENf, 

Sp. gr. 

Caibpnate 
of lime. 

Moisture 
and mineials 
included (by 
difference). 

Insoluble 
residue (by 
experiment). 

A. Specimen sent by Hyderabad (Deccan) 
Company. 

3*548 

7 o* 4 t 

1 

29*59 

23*47* 

B. Hislopite, original apedraen analysed by 
Haughton. 

2*645 

80*79 

t 

1 19*31 

t 

16*65® 

C. Specimen labelled ** Hislopite, Nagpur/’ 
in Geological Museum, Calcutta, 

3*659 

95*38 

4*62 

3 * 340 * 

i 

D. Clear Icdand spar, small fiagment cut 
from A. 

3*711 

99 ’i» 

0*88 



' Ser.i vol. XXIII (1863), p, 30. Inaolable In acetic acid* 

' laeolnble In hydrochloric acid. 
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Specimen A varies so much in different parts that whilst, as shown, by D, it is 
in places made up of transparent Iceland spar, in other places the green earth 
occurs in such quantities that the presence of caicite is only manifested by using 
acid. 

Of this specimen (A) in which the inclusions are well-defined, I have determined 
the specific gravity of the insoluble residue^ and find it to be 2*42. Taking the specific 
gravity of caicite as 372, we have 

Caicite . . , 272 X 70‘4i «■ ipi'd 

Green earth and heulandite 2*43 x 23’47 «» 56’8 
Moisture (difference) . I’oO x 6'i2 a 

Total . aS 4 'S - 100 x 2*545 


This result agrees thus very closely with 3-546 (the specific gravity of A as 
determined by experiment) and in this particular case the veiy close approximation 
is doubtless accidental ; but from analogy of many other examples I should expect 
agreement to the second decimal point. 


III.— Minerals included. 

To determine the nature of the included minerals, 1 dissolved a large fragment 
in acetic acid and treated the residue with a heavy liquid. The material was by this 
means divided into three portions:— 

(1) The green botryoidal masses. 

(2) Compound grains, or crystals of heulandite with included green earth. 

(3) Clean heulandite crystals. 

(1) . The green The first portion had a specific gravity of 2*62, which is 

high for glauconite, but may be accounted for by the numerous apple-green, opaque 
portions, probably refeiable to celadonite. On account of the composite nature 
of the material, as shown by the microscope, a quantitative chemical analysis 
would be of little value. I found, however, that it gave off water on heating, fused 
before the blowpipe to a black magnetic glass, and was partly decomposable by 
hydrochloric acid, colouring the acid by the dissolved iron. The fiist treatment 
with acid changed the colour of the masses from a pistachio-green to an apple- 
green colour, which I attribute to celadonite.* 

(2) . The compound grains , — Were disregarded, 

* By Smeeth’s method (Proc, Roy. OuhUn Soc., Vol. VI (i888), p, 61). 1 have 

modiSed the method by using paraffin instead of vaseline, as the latter substance is of oily 
consistency In this climate. 

^ Cf. Heddle on Celadonite, Trans, Roy, Soe. Sd,, vol. XXIX (1879), p. loa. It may be 
remarked that the percentage of silica, 54'59, obtained by Prof. Haughton from the green 
siliceous residue of his hislopite agrees very closely with the average of the results given by 
Prof. Heddle for four specimens of celadonite (5484) ; but 1 would place very little value 
upon this agreement, for the green earth which I have separated from the caicite is decidedly 
composite in character, and, unlike celadonite, a large proportion of it is decomposable by 
hydrochloric acid. Moreover, the heulandite, with which it is associated in the green calc- 
spar, is decomposable by hydrochloric acid, and would consequently contribute a variable but 
Serious amount of siliqi to Prof. Haughton’s insoluble residue ('* Green siliceous skeleton 
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(3)* The heulandiie crystals, — ^The third portion consisted of minute glisten- 
ing plates, seldom measuring more than 0*25 mm. in any diiection, and with a 
specific gravity of 2'2i. Most of the crystals agree in form with those of 
heulandite given by Artini.^ They are generally combinations of basal plane (OP), 
orthodomes (2 ¥oo and —2?oo), prism (ooP),and clinopinacoid (ooSoo), (Fig. 2). 
As the clinopinacoids are in all cases well- developed, the crystals naturally lie on 
those faces, and so allow of an easy determination of the angles between the basal 
plane and dome faces by revolving the cross wires of the microscope. The angles 
obtained in a large number of examples agree very closely with those recorded for 
undoubted heulandite. They are— 

OP 2 ^00 . * • 116° (116" 20^ quoted by Dana). 

2^00 A — 3ibo . . 130®. ( 129 ° 40'; » »i I) ) 

OP A • • • 114°* (^^ 4 ) )> II 11) 

The crystals between crossed nicols are generally seen to be zoned parallel to 
the dome faces and basal plane, extinction angles, therefore, show variations from 
6° to 12® measured from the line of intersection of prism and clinopinacoid (paiallel 
to vertical axis)®. Crystals turned up in viscous Canada balsam with their 
clinopinacoids perpendicular to the slide show straight extinction. In some cases, 
when lying on their clinopinacoids, they are seen between crossed nicols to be 
divided into four sectors, two of which extinguish at the usual angle, whilst the 
other two exhibit almost straight extinction. This, and the zoning, may be due 
to intergrowths or successive growths of heulandite with the dimorphous form, 
epistilbite, or with either of the closely related species mordenite, stilbite, and 
laumontite. Still, crystals showing undoubted heulandite characters prevail, and the 
results of Einne, Hussak, Negri and Aitini show some curious variations in the 
optical properties of this mineral obtained from different localities. 

When heated before the blowpipe the crystals swell and fuse to a white enamel. 
On treatment with hydrochloric acid decomposition takes place rather slowly, the 
residue of silica retains the perfect outline of the original crystal, but is traversed 
by irregular cracks, and is isotropic between crossed nicols. If the action of the 
acid is not too prolonged, coies of undecomposed mineral are left, but showing 
apparently only irregular shapes. 

There seems no reason why other zeolitic minerals of about the same specific 
gravity should not occur mixed with the heulandite crystals in subordinate pro- 
portions. 

IV.— Summary. 

(1) The handsome crystals of green calcitofrom the Deccan “traps” contain 
inclusions which vary greatly in amount and sometimes exceed the host in quantity. 

(2) The inclusions consist of— (a), a green earth of rather indefinite composition, 
but consisting in part of material closely resembling that which has been de- 
scribed as celadonite, and (b) ciystais of heulandite, 

(3) There is a variable, but no essential, connection between the proportion 
of calcite and the minerals which it includes, the specific gravity of any fragment 

Vtde Dana : System of Mineralogy (1892), pp. 574 and 576. 

* Cf, Levy and Lacroix, Les Miniravpe ties Soehes (1888), HeulanMe non 
p. 310. 
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being that of a mixture of the component minerals. Prof. Haughton‘has described 
as a “new mineral” {vide PhiL Mag., vol. XXIII (1862), p. 50), a specimen of 
calcite containing 17*36 per cent, of glauconite, under the name htslopite. The 
name bislopite loses its specific value when the variation of the included^ so-called 
glauconite is proved to be so gieatas the foiegoing results show; and still moie 
so when it is found that glauconite is neither the only, nor, indeed, alwa} s the most 
abundant, inclusion in the calcite. 

EXPLANATION OF PLATE. 

Fig. I. Section of calcite showing its rhombohedral cleavage with inclusions of 
botryoidal masses of green earth and clear crystals of heulandite. 
Inclusions of the gieen earth in the heulandite are very common. 
Magnified by 40 diameters. 

Fig. a. Crystal of heulandite lying on its clinopinacoid. Length of crystal 
between its basal planes 0*25 mm. 

<2 =s oP 2 ^Pbo « 1 16® 

5 oP A •“ 2 ?oo = 114® 
tf - 2 ^00 A a^oo = 130® 
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GEOLOGICAL SURVEY OF INDIA DEPARTMENT. 

TRI-MONTHLY NOTES. 

No. 17.— -Ending 31ST October 1893. 


Director's OfficCy Calcutta y gist October iSg^. 


The disposal of officers during the next field season (1893-94} has been arranged 
as follows ; — 


Scientific. 


Baluchistan and N. PT. Frontier. 

Mr, C. L. Griesbach, C. 1 . E., Superintendent. 
Mr. F. H, Smith, Assistant Superintendent. 
Babu ICishen Singh, Sub-Assistant. 


Madras, 

Mr. C. S. Middlemiss, D^uty Superintendent 
Dr, Warth, do. do. 


Burma. 

Dr. Frite Ndetling, Palaeontologist. 
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Rewa State, 

Mr. P. N. Bose, Officiating Superintendent. 

Central Provinces. 

Mr. P. N. Datta, Assistant Superintendent, 

Head-quarters aTtd Tours, 

The Director. 

Mr. T. H. Holland, Assistant Superintendent, 

Babu Hira Lai, Sub-Assistant. 

Econouic. 

SuHkur Experimental Boring. 

Mr. T. D. LaTouche, Officiating Superintendent. 

Superintendents, Messrs. T. W. Hughes and R. D, Oldham are on sick leave 
and furlough; and within the last month Mr. Assistant Superintendent W. B 
Dallas Edwards has also been sent home on sick leave. 

The Director was on tour in the Madras Presidency from the beginning of Sep- 
tember to the middle of October, when oppoitunities admitted of a conference 
with the Government of Madras as to the disposal of a geological officer for further 
continued survey in the Presidency. It was arranged that Mr. Middlemiss will 
complete the mineral survey of the Salem District, the western portion of which 
still remains open to further exploration ; and that the occurrence of corundum is 
to be made the immediate object of inquiry according as this mineral and its asso- 
ciated rocks are studied in the course of survey, In this connection it is also pro- 
posed, when the district is finished, to initiate a series of district Mineral Manuals 
by the issue of one on the Salem District. 

Opportunity was taken to examine certain areas of the crystalline rocks, parti- 
cularly at the Palaveram hill near Madras, in connection with recent petrological 
observations which had been made by Mr, T. H. Holland while on deputation at 
different times for the Imperial Institute inquiries into the iron resources of Southern 
India : and to which reference was made in his paper (Records XXV, pp. 141-45) 
on the Iron Ores and Iron Industries 0/ Salem^ and in the Tri-monthly Notes of 
the same volume. It may be remembered that, in the Annual Report of the Survey 
for last year, it was stated that : — 

" Another noticeable feature amongst the rocks collected in the Sooth of India is the vdde 
prevalence of the mineral hyperathene, and, to a less extent, other members of the pyproxene 
group. This mineral occurs as a constituent of rocks varying in composition from byper- 
rthene-mlcrocline granite to norite aod hypersthene-rock. The very wide area over which Mr* 
Holland’s tour for the collection of specimens and information extended prevented his doing 
more than a superficial examination of these rocks, but I look upon them as a promising sequel 
to the petrological results obtained by M. Lacroix on the Salem and Ceylon specimens ; and 
they promise to be only an earnest of what may be expected from a more detailed examination 
of ibis complex area. It seems likely that many of the rock-masses which have been provi- 
sionally mapped as metamorphic wtU he found, as Dr. Lawson has shown in the Rainy Lake 
Region of Canada, to be merely rolled-out laccolites and intrusive bosses —some with a well- 
defined parallelism of constitnents, but passing by impei ceptible gradations into true granitic 
stiuctures.” 
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Since this was written, Mr. Holland has paid two more visits to Madras, the 
latter in company with the Diiector, to some of the rock ‘ massifs ’ referred to in the 
closing passages of the above extract, namely the Nilgiris, the Shevaroy Hills, and 
Palaveram, from the recorded observations in which and the suites of specimens col- 
lected, it now seems certain that these masses are really such laccolites and intrusive 
bosses of igneous rocks as he indicated. These discoveries necessarily involve con- 
siderable modification of the views of the earlier surveyors regarding their interpreta- 
tion of the Nilgiri and Shevaroy locks as belonging to a great series of very old 
gneissic or highly metamorphosed sedimentary deposits ; although the rocks of the 
wide plains, stretching away from, and surrounding, those hill groups are still open to 
such a classification as being a decidedly more foliated and pseudo-bedded series, 
among which these newly-discovered granites were irrupted. The whole question 
of the history and constitution of the Madras crystallines is, however, as yet only 
advanced thus far, and it must wait the results of the further survey, which is 
now being gradually cairied out. 

Zw/ of assays and examinations made in the Laloraiory^ Geological Survey of India 
during the months of August^ Sept emier and October i8gj. 


For whom. 


Result. 


Substance. 


I. Specimen of quartz, with 
iron pyrites and visible gold. 


a. Specimens of quartz, from 
the ancient gold workines 
(discovered by R. Sewell, 
I.C.S., Collector of Bellary) 
near Yeutanbatti, Bellary. 


Nodules from the lavender 
shales between Ratwahi and 
Jalar, Salt Range. 

A “small sample of stone” for 
determination. 


A specimen of stone locally 
called "Hiranchi,” found 
in the hills at Tehie Ghatia, 
Kawardha State. 


A specimen of “ certain 
stones,” found at Matiza . 
Sarar, Government estate 
of Damin-i’Koh, 

A specimen from Badahahr, 
Persia; found by Mr, Ferrell ; 
supposed to contain gold. 


Gillandeis, Arbuthnot & Co., 
Calcutta. 


Dr. H. Warth, Officiating 
Superintendent, Government 
Central Museum, Madras. 


C. S. Middlemiss, Deputy 
Superintendent, Geological 
Survey of India. 


Balmer Laurie & Co., 103, | 
Clive Street, Calcutta. 


A. S. Womack, I.C. S., Politi- 
cal Agent, Chhattibgarh Feu- 
datones, Raipur, Central 
Provinces. 


H. H. Heard, Sub-divisional 
Officer, Godda* 


W. Coldstream, I,C.S , Deputy 
Comnaissioner, Simla. 


Assayed for gold. 


(I) White quartz. _ 

Quantity received, 34 lb. 
Contains no gold. 

(II) Blue quartz. ^ 

Quantity received, 33 Ib> 
Containa no gold. 


* Barytes, sp. gr. 4'43. 


•“Iron pyrites. 


■> Hematite. 


■oLlmonite. 


Mica schist; contains no gold; 
the shining particles being 
mica, stsdned with iron. 
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Notification by the Geological Survey of India during the months of August, 
September and October iSgg, published in the “ Gazette of India,” Part . 
Z eave. 


Department* 

No, of order 
and date. 

Name of officer. 

Nature of 
leave. 

With effect 
from 

Date of 
return. 

Remarks. 

Geological Surrey 
Department, 

1300, dated 
31st August 
1893. 

P. N. Datta, 
Assistant Su< 
perintendent, 
Geological 
Survey. 

Privilege 

7th Sep- 
Ccuioer 

1893. 


«tt 


Anwtal increments to graded oficers sanctioned by the Government of India during 

August, September and October iSgg. 


Name of officer. 

From 

To 

With effect 
from 

No. and date 
of sanction. 

Remarks. 

P, N. Datta, Assistant 
Superintendent, Geo- 
logical Survey . 

R 

470 

R 

$00 

I St July 1893. 

Revenue and 


C. L. Griesbach, Super- 
intendent, Geological 
Survey. , , 

950 

1,000 

1st August 

Agricultural 
Department 
No. dated 

is8 


F. H. Smith, Assistant 
Superintendent, Geo- 
logical Survey . 

380 

410 

1893. 

Do, 

3rd August 
1893, 

Do. No. 1937, 
>07 


F. H. Holland, Assist- 
ant Superintendent, 
Geological Survey. , 

410 

440 

ist Septem- 

dated 7th 
August 1893. 
Do. No. * 222 . » 

lOU 


1 

1 

1 


ber 1893. 

dated 7tli 
August 1893. 
Do. No. war, 
r 94 

dated 29th 
September 
1893, 



Notifications by the Government of India during the months of August, September 
and October iBgg, published in the “ Gazette of India,” Part I. — Appoinh 
ment. Confirmation, Promotion, Reversion and Retirement. 


Department 

1 

No. of 
order 
and date. 

Name of 
officer. 

From 

To 

Nature 

of 

appoint- 

ment, 

etc. 

With 1 

effect 

from 

* 

V> 

u 

0£ 

Revenue and 
Agricultural 
Department* 

31 so. Surveys, 
60 

dated 30th 
August 1893. 

P. N. Bose. 

. 

Deputy 

Superin- 

tendent 

Officia^ng 

Supedn- 

tendent* 

Acting, 

tempe- 

ra^. 

tSth 

July 

1893. 
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Postal and Telegraphic Addresses of Officers. 


Name of officer. 

Postal address. 

Nearest Telegraph Office. 

T. W H. Hughes 

• • 

« 


On furlough. 




C. L. Griesb\ch 

* * 

• 


Quetta . 

4 

4 

Quetta. 

R. D- Oldham . 

■ • 

• 


On furlough. 




P. N. Boss 

■ 4 

• 


Rewa . 

• 

k 

Rewa. 

T. H. D LaTouche 

« « 

« 

* 

Sukkur . , 

4 

4 

Sukkur. 

C. S. Middle MISS 

• « 

« 

• 

Madras . 

■ 

4 

Madras. 

W. B. D. Edwards 

• * 

* 

* 

On furlough. 




P. N. Datta 

* « 

* 

« 

Nagpur . 

• 

• 

Nagpur. 

F. Noetling , 

• • 

4 

• 

Dandot . 

• 

• 

Dandot. 

I^IRA LaL. . 

« * 

s 

• 

Calcutta 

* 

• 

Calcutta. 

Kishbn Singh . 

• ■ 

• 

• 

Quetta . . 

• 

. 

Quetta. 
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Donations, to the Museum* 


DONATIONS TO THE MUSEUM. 

From ist August to 31ST October 1893. 

A large weathered specimen of limestone from " Madhupur, E. I. R.” and another from 
Katni, Jubbulpore. 

Presented by Jas. Cleghorn, Ballyoanj. 

A large block of Steatite from Raiwala, Jeypore State, and smaller specimens from Kan* 
heri village, Bhandara District, and from the marble rocks, Jubbulpore. 

Presented by the Officiating Reporter, Economic Products to 
THE Government of India. 


ADDITIONS TO THE LIBRARY. 

From ist July to 30TH September 1893. 

Ttilss of Boohs, Donors, 

Abel, Sir F, A. — Mining accidents and their prevention. 8° New York, 1889. 

Ball, Dr. V, — The volcanoes of Barren Island and Narcondam in the Bay of Bengal. 

8" Pam., Hertford, 1893. The Author. 

Bloch MANN, Z)*'. A. — Untersuchungen fiber den Bau der Brachiopoden. Text 
and Plates. 4® Jena, 1892, 

Bonnby, Prof. T* G.— The Year-book of Science for 1892. 8® London, Paris and 
Melbourne, 1893, 

Bronn’s Klassen und Ordnungen des Thier-Reichs. Band IV,, lief. 44-45. 
Leipzig, 1893. 

Forel, F, a. — Le Leman (The Lake of Geneva). Tome i. 8° Lausanne, 1892. 
Hughes, Herbert W. — ^Text-book of Coalmining. 8® London, 1892. 

Kayser, E., and Lake, P. — Text-book of Comparative Geology. 8“ London, 1893. 
Kunhardt, Wheaton 5, —The Art of Ore-dressing in Europe. 8° New York, 1889. 
Lungs, George, and Hurter, F. — ^The Alkali-makers* Hand-book. 8" London, 1891. 
Mar, Alexander Del. — A History of the precious metals from the earliest times to the 
present. 8® London, 1880. 

Phillips, W* J?., and Prochasha, E.— Wedding^* Basic Bessemer Process. 8® New 
York, 1891. 

PoMPECEJ, Dr.J. f,— Beitrage zu einer Revision der Ammoniten des Schwabischen 
Jura. Lief. i. 8® Stuttgart, 1893. 

Roberts, R* £>.— The Earth’s History. 8® London, 1893. 

SuESS, Ed, — Die Zukunfi des Sllbers, 8® Wien and Lmpzig, 1892. 

Dr, Will. King* 

Tryon, Geo, I7*--Manual of Conchology, Vol. XII, part 55, and 2nd series, Vol. VI, 
part 3ii, 8® Pluladelphia, 1893. 

Wahnschafpr, Dr. Felix. — Die Ursachen der Oberflachengestaltung des Nordeut- 
schen Flachlandes, 8® Stuttgart, 1893. 

Watt, Dr, George, — Dictionary of the Economic Products of India, Vol, VI, parts 3-4. 

8** Calcutta, 1893. Government op India* 

Wilson, Eugene B,— Mine ventilation, practical and theoretical. 8° Neu York, 1891. 
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PERIODICALS, SERIALS, etc. 

Tiilss of Books. Donors, 

A merican Geologist. Vol. XI, Nos. 1*3. 8® Minneapolis, 1893. 

American Journal of Science. Vol. XLVI, Nos. 8° New Haven, 1893, 

American Naturalist. Vol. XXVII, Nos. 318-319. 8® Philadelphia, 1893. 

Annalen der Physik und Chemie. NeueFolge, Band XLIX, heft 3-4; and L,, heft 
I. 8° Leipzig, 1893. 

A nnals and Magazine of Natural History. Vol. XII, Nos. 67-69. 8° London, 1893, 

Athenaeum. Nos, 3425-3437. 4® London, 1893. 

BeibUtterzu den Annalen der Physik und Chemie. Band XVII, Nos. 3-7. 8® Leipzig, 
1893. 

Chemical News. Vol. LXVII, No. 1751 to LXVIII, No. 1763. 4* London, 1893. 

Colliery Guardian. Vol. LXV, No. 1694 to LXVI, No. 1706. Fol., London, 1893. 

Geogiaphische Abhandlungen. Band V, heft 3. 8® Wien, 1893. 

Geologfical Magazine. New series. Decade III, Vol, X, Nos. 7-8. 8® London, 1893. 

Indian Engineering. Vol. XIV, Nos. i-i2. Fisc., Calcutta, 1893. 

Pat. Doylb. 

Industries and Iron, Vol. XV, Nos, io66»io78. 4® London, 1893. 

London, Edinburgh, and Dublin Philosophical Magazine, and Journal of Science. 5th 
series, Vol. XXXVI, Nos. 218-220. 8® London, 1893. 

Mining Journal. Vol. LXIII, Nos. 3016-3028. Fol., London, 1893. 

Natural Science. Vol. II, No. 13. 8® London and New York, 1893, 

Nature. Vol. XLVI II, Nos. 1233-1245. 4® London, 1893. 

Neues Jahrbuch fur Mineralogie, Geologie und Palssontologie. Band II, heft i. 8® 
Stuttgart, 1893. 

Oil and Colourraan’s Journal. Vol. XIV, Nos. 155-157. 4® London, 1893. 

Palceontographica. Band XL, lief. 3.4. 4® Stuttgart, 1893. 

Palaeontoloipsche Abhandlungen. Neue Folge, Band II, heft. 2. 4® Jena, 1893. 

Petermann’s Geographischer Miltheilungen. Band XXXIX, Nos. 6-8. 4® Gotha, 1893. 

The Editor. 

Scientific American. Vol. LXVIII, Nos. 22-25; and LXIX, Nos. i-g. Fol., New 
York, 1893. 

Scientific American. Supplement. Vol. XXXV, No. 909 to XXXVI, No. 921. Fol., 
New York, 1893. 

The Indian Engineer. Vol. XVII, Nos. 325—336, 4® Calcutta, 1893. 

J. MacIntyre. 

The Pioneer, New series, 1st Edition, July to September 1893. Fol., Allahabad, 1893. 

schermak’s Mineralogische und Petrographiache Mittheilungen, Band XI 1 1 , heft 
I— 3. 4® Wien, 1893. 

Ropertorium und General Register der Zeitachrift fur Krystallographie und Mineralogie. 
By P. Groth and F. Griinling. Theil II. 8® Leipzig, 1893. 

Zeitschrifl fur Krystallographie und Mineralogie. By P, Groth. Band XXI, heft 5-6, 
and XXlIj heft i. 8® Leipzig, 1893. 

Government Selections, Reports, etc. 

Bbnoal— D iscovery of the exact size of Asokas Classic Capital of Pataliputra, the 
Palibothra of the Greeks and description of the superficial remains. 
By L. A. Waddell, M.B, 4® Calcutta, 1893. 
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Additions to the Library^ 
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Titles of Books. Donors. 

Bombat.— Selections from the Records of the Bombay Government. New series. Nos. 

267,268 and 270, Fisc. Bombay, 1893. Bombay Government. 

Burma. — Twenty-sixth Annual Report on the Light-Houses and Light*Vessels off the 
Coast of Burma for the year 1892-93. Fisc. Rangoon, 1893. 

CuiEP Commissioner of Burma. 
India.— Administration Report of the {Marine Survey 0* India for the year 1892-93 
Fisc. Bombay, 1893. Marine Survey Department* 

„ Administration Report on the Railways m India for 1892-93. Part I. Fisc. 

Simla, 1893. Government of India. 

Census of India, 1891. 

Vol. I. General Tables for British Provinces and Feudatory States. Fisc. 
London, 1892. 

„ III. The Report, and 

„ IV, Administrative Tables of the Lower Provinces of Bengal and their 
Feudatories. Fisc. Calcutta, 1893. 

„ V. The Lower Provinces of Bengal and their Feudatories. The Caste 
tables. Fisc. Calcutta, 1893. 

RuvENur AND Aoricultural Department. 
Government of India. Civil Budget Estimates for the year 1893-94. FJsc. 
Calcutta, 1893. Government of India, 

List of Civil Officers holding Gazetted appointments under the Government of 
India in the Home, Legislative, Foreign and Revenue and Agricul- 
tural Departments, corrected to ist January 1893, 8® Calcutta, 1893. 

Government op India. 

List of Officers of the Geological Survey of India, corrected to ist Jnly 1893. 

8°. Pam. Calcutta, 1893. 

Revenue and Agricultural Department. 

Quarterly Indian Army List. New series, No, 16. 8® Calcutta, 1893. 

Government of India. 

Cyclone Memoirs, No. V. Account of three cyclones in the Bay of Bengal and 
Arabian Sea during Nov. 1891. 8° Calcutta, 1893. 

Meteorological Reporter to Government or India 
India Vi^eather Review, Annual Summaiy, 1892. 4®. Calcutta, 1893. 

Meteorological Reporter to Government of India. 
Monthly Weather Review for February to April 1893. 4®. Calcutta, 1893. 

Meteorological Reporter to Government of India 
Rainfall Data of India, 1S92. Fisc. Calcutta, 1893. 

Meteorological Reporter to Government op India. 
Register of Original Observations, reduced and corrected, February to April 
1S93. 4° Calcutta, 1893. 

Metbobolooical Reporter to Government of India. 
Report on the Administration of the Meteorological Department of the Govern* 
ment of India for 1S92-93. 4° Calcutta, 1893. 

Meteorological Reporter to Government of India. 
LoNbON.—Fimt, Second, Third, Fourth and Final Reports of the Royal Commissiun 
appointed to inquire into the subject of Mining Royalties, i8go— 1893. 
Fisc. London, 1890 — 1893. 

Revenue and Agricultural Department. 


n 


«f 


9$ 
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Titles of Books. Donors. 

Madras. — Madras Meridian Circle Observations, 1877 to 1879. 4° Madras, 1893. 

Madras Government. 

„ Report on the several schemes— Hebbal-Rachenhalli-Hessar-Ghatta-MaUgal 
Valley — for the water-supply of the Civil and Military Station and City 
of Bangalore. Fisc. Bangalore, 1893. Major Grant* 

Punjab, — Final Report of the Revised Settlement of the Rawalpindi District in the 
Punjab, 1 88r— -1887, with maps, by F, A. Robertson. Fisc. Lahore, 

1893* 

Punjab Government* 

„ Final Report on the Revision of Settlement (1884—1889) of the northern part 
of the Ferozepore District in the Punjab. Fisc. Lahore, 1893. 

Punjab Government. 

„ Gazetteer of the Ambala District, 1892-93. 8® Lahore, 1893. 

Punjab Government. 

» Gazetteer of the Gurdaspur District, 1891-92. 8° Lahore, 1893. 

Punjab Government. 


TRANSACTIONS, PROCEEDINGS, etc., OF SOCIETIES, SURVEYS, etc. 

Adelaide. — Transactions of the Royal Society of South Australia. Vol. XVI, pt. 2, 
and XVII, part i. 80° Adelaide, 1893. The Society. 

Albany.— Geological Survey of the State of New York. Palaeontology. Vol. VIII, 
part I. By James Hall, 4® Albany, 1892. The Suevby. 

Algiers.— Explication Carte Gdologique de I’Algdne, with map. 4® Algiers, 1890. 

Geological Survey, Algiers. 

Baltimore.— American Chemical Journal. Vol. XIV, Nos. 2—7. 8® Baltimore, 1892. 

Johns Hopkins University. 

„ American Journal of Philology . Vol. XII, Na 4, and XIII, Nos. i — ^ 3 * 
8® Baltimore, 1891. Johns Hopkins University. 

„ Johns Hopkins University Circulars. Vol. XII, Nos. 106 — 107, 4® 
Baltimore, 1898. Johns Hopkins University. 

„ Johns Hopkins University Studies in Historical and Political Science, 
loth series. Nos. 4—1 1. 8® Baltimore, 1892. 

Johns Hopkins University. 

Batavia. — Nederlandsch-Indisch Plakaatboek, 1602—1811, Deel XL 8® Batavia, 1893. 

Batavian Society. 

Berlin.— Abhandtungen der kOniglich Preussischen Geologischen Landesanstalt. Neue 
Folge, heft 6—8 and 13. 8® BerUn, 1893. The Institute. 

„ Abhandlungen zur Geologischen Specialkarte von Preussen und den Thdrin- 
gischen Staaten Band. X, heft 4. 8® Berlin, 1893. 

The Institute. 

„ Sitzungsberichte der Kdnlg. Preoss. Akad. der Wissenschaftem zu Berlin. 

Nos. 41 — 55, 8® Berlin, 1892. The Academy. 

Zeitschrift der Deutschen Geologischen Gesellschaft. Band XLIV, heft 4 
and XLV, belt i. 8® Berlin, 1893. The Society. 
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TiUes of Boohs Donors. 

Bombay. — ^Journal of the Bombay Branch of the Royal Asiatic Society. Vol. XVIII, 
No. 49. S" Bombay, 1893. Thb Society. 

Journal of the Bombay Natural History Society. Vol. VII, No. 5, and VIII 
No. 1. 8® Bombay, 1893. The Society. 

Breslau.— Jahies-Beiicht der Schlesischen Gesellschaft fur Vaterlandische Cultur, 
No. 70, and Supplement heft 2. 8° Breslau, 1893. The Society. 
Bristol. — Proceedings of the Bristol Naturalists’ Society. New series, Vol. VII, part 
2, and List of Officers, etc. 8" Bristol, 1893. The Society, 

Brussels.— Bulletin de la Soci 4 t 4 Royale Beige de G^ographie, Annde, XVI, No. 6. 

8® Bruxelles, 1893. The Society, 

Budapest.— Term^szetrajzi F uzeiek. Vol. XVI, Nos. 1—2. 8® Budapest, 1893. 

The Hukgariah National Museum. 

Caen. — Bulletin de la Soci 4 td Linni 5 enne de Normandie. 4th series, Vol, VI, fasc. 

I — 2. 8® Caen, 1893. The Society. 

Calcutta.— A Manual of the Geology of India, 2nd edition. By R. D. Oldham. 8® 
Calcutta, 1893, Geological Survey op India. 

„ Palseontologia Indica. Series IX, Vol. Il, part 1. 4® Calcutta, 1893, 

Geological Survey op India, 
,, Recoids of the Geological Survey of India, Vol XXVI, part 3, 8® 

Calcutta, 1893. Geological Survey op India. 

„ Epigraphia Indica of the Archaeological Survey of India. Vol. II, part 13. 

4® Calcutta, 1893, Government op India. 

„ Imperial Institute Series. Guides to Commercial Collections Indian 
Section. No. i. Guide to Collections of 1892. 8® Calcutta, 1893. 

Reporter on Economic Products to the 

Government op Indu. 

^ Journal of the Asiatic Society of Bengal. Vol. LXII, Part I, No. 3 ; Part 
II, No. 2 ; and Title-pags and Index for Part I of 1892. 8° Calcutta 

1893- * 

The Society* 

^ Proceedings of the Asiatic Society of Bengal. Nos. 6*7. 8® Calcutta, 1893. 

The Society. 

,, proceedings and Journal of the Agricultural and Horticultural Society of 
India from January 1892 to June 1893. 8° Calcutta, 1892-1893. 

The Society, 

„ Survey of India Pepartment Notes for June to August 1893. Fisc, 
Calcutta, 1893. Survey op India Department* 

Cambridge, Mass,— Bulletin of the Museum of Comparative Zo 61 ogy. Vol, XVX, No. 
13, and XXIV, Nos. 4—6. 8® Cambridge, Mass., 1893. 

The Museum. 

Copenhagen. — Mdmoires de I’Acaddmio Royale des Sciences et des Lettres de Danemark. 

6"** s&ie. Tome VII, No. 7. 4“ Kobenhavn, 1893, The Academy. 
Copenhagen, *—Oversigt over det Kongelige Danske Videnskabernes Selskabs 
Forhandlinger og dets Medlemmers Arbejder i Aaret^ No. 3 (1892). 
and No 1, (1893). 8® Kobenhavn, 1893. The Academy, 

Dehra Dun.— Spirifc-Levelled Heights. No. 7, Bombay Presidency. 8® Dehra Dun, 
1893. Great Trigpngmbtrical Survey op India, 
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Titles of Boohs. Donors. 

Dehra Dun. — ^Synopsis of the results of the operations of the Great Trigonometrical 
Survey of India. Vols. XXXI and XXXII. 4° Dehra Dun, 1893. 

Great Trigonometrical Survey of India. 
Edinburgh.'— Scottish Geographical Magazine. Vol. IX, Nos. 7-8. 8° Edinburgh, 1893, 

Scottish Geographical Society. 

„ Transactions of the Ro^al Scottish Society of Arts. Vol. XIII, part 2. 

8” Edinburgh, 1893. The Society. 

Glasgow.— 'Glasgow University Calendai, 18931^94. 8® Glasgow, 1893. 

The University. 

G6TTINQKN. — ^Nachiichten von der Koniglichen Gesellschafl der Wisseschaften 
Nos. I- 10. 8“ GSttingen, 1893. The Society. 

K6nigsberg.— Beitrage zur Naturkunde Preussens Heiausgegeben von der K3nig« 
lichen Physikalisch-Okonomischen Gesselschaft au Konigsberg. 
Nos. 1.5. 4® Konigsberg, i868, 1869, 1874, 1879 and 1882. 

The Society. 

„ Schriften der Physikalisch— Okonomischen Gesellschaft zu Konigsberg 

Jahrg. XXXI II. 4° Konigsberg, 1892. The Society 

Leipzig.— Mittheilungen des Verdns fur Erdkunde zu Leipzig, 1892, 8° Leipzig 
1893. The Society. 

Lille.— -Annales de la Soci 6 t 3 Gdologique du Nord. VoL XX. 8® Lille, 1893. 

The Society, 

London.— 'Journal of the Chemical Society. Nos. 367 — 369. 8® London, 1893. 

„ Journal of the Iron and Steel Institute. No. II. 8° London, 1892. 

The Institute. 

„ Journal of the Society of Aits. Vol. XLI, Nos, 2117—2128. 8° ^.cndon 
1893, The Society. 

„ Pi oceedings of the Royal Institution of Great Britmn. Vol. XIII, Part III. 

No. 86. 8® London, 1893. The Institution, 

,, Proceedings of the Royal Society. Vol, LlLNo. 319. 8® London, 1893, 

The Society. 

„ Quarterly Journal of the Geological Society. Vol. XLIX, Part III, No. 195, 
8® London, 1893. The Society. 

„ The Geographical Journal. Vol. II, No. 7. 8® London, 1893. 

Royal Geographical Society. 
„ Proceedings of the Zoological Society of London. Part I. 8® London, 1893, 

The Society. 

„ Transactions of the Zoological Sodety of London. Vol. XIII, part 6. 4® 
London, 1893. The Societt. 

Madras.— Archseological Survey of India. South Indian Inscriptions. Vol. II, part 3, 
4® Madras, 1893. Government of India. 

Madrid.— Boletin de la Sociedad Geografica de Madnd. ■Tome XXXIV, Nos. 4— 

8® Madrid, 1893. The Society, 

Manchbstbr.— T rapsactions of the Manchester Geological Society, Vol. XXII, parts 
9— ir. 8® Manchester, 1893. The Society, 

Melbourne,— Annual Reportof the Secretary fo^ Mines, Victoria, for the year 1893. 

Fisc. Melbourne, 1893. Department of Mines, Victoria. 
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Titles of Books. Donors, 

Melbourne.— Proceedings of the Royal Society fof Victoria. New series, Vol. IV, 
part 2. 8*^ Melbourne, 1893. The Society. 

Milan. — Atti della Societa Italiana di Science Naturali. Vol. XXXIV, fasc. 2-3. 

8° Milano, 1893. The Society. 

Moscow.— Bulletin de la Soci6t6 Impdriale des Naturalistes de Moscow. No. 1. 8° 
Moscou, 1893* The Society. 

Paris.— Annales des Mines. 9" s6rie, Tome II, livr. 12, and III, livr. 1.3. 8° Paris, 
1893. Department op Mines, Parts. 

Annuaire Gfiologique Universel, Tome IX, fasc. i. 8° Paris, 1893. 

The Editor. 

Bulletin de la Socidt6 de G6ographie. 7"* s 4 rie, Tome XIII, No. 4. 8® Paris, 

1892. The Society. 

Comptes Rendus des Stances de la Socldt6 de Gdographie. Nos. 11-13. 8° 

Paris, 1891. The Society. 

Bulletin de la Soci 4 t 6 G^ologique de France. s 4 rie. Tome XX, No. 5. 8® 
Paris, 1893. The Society. 

Philadelphia.— Journal of the Franklin Institute. Vol, CXXXV, No. 6, and 
CXXXVI, Nos. 1-2. 8® Philadelphia, 1893. The Institute. 
Pisa.— Atti della Societa Toscana di Seienze Naturali. Mdmorie, Vol. XII. 8° Pisa, 

1893. The Society. 
Atti della Societa Toscana di Seienze Naturali. Process! Verbali. Vol. VIII, 

” pp. 176-231. 8° Pisa, 1893. The Society. 

Rio de Janeiro.— Annuario Publicado Pelo do Rio de Janeiro. No. VIII, 1892. 8" Rio 
** de Janeiro, 1893. Imperial Observatory, Rro de Janeiro. 

Le Climal de Rio de Janeiro. 4® Rio de Janeiro, 1892. 

** Imperial Observatory, Rio de Janeiro, 

RocHESTER.-Bulletin of the Geological Society of America. Vol. Ill, pp. 1-541. 8® 
Rochester, 1892. The Societv. 

Rome.- Atti della Reale Accademia dei Lincei. Rendiconti, S 4 rie V, Semestre I, 

Vol. II, fasc. 8-12, and Semestre II, Vol. II, fasc, 1-3. 8° Roma, 
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Annual Report of the Geological Survey of India and of 
THE Geological Museum, Calcutta, for the year 1893. 

I. During the year, connected surveying was cairied out in Baluchistan by 
Mr. Griesbach, assisted for a short time near the end of the field season by Mr. 
W. B, Edwards. Mr. LaTouche was occupied for the full season at the Bhaganwalla 
coal-field in the Salt Range, Punjab. In Hazara, Mr. Middlemiss, accompanied 
by Sub-Assistant Hira Lai, completed the survey in that pait of the Punjab. Mr. 
Bose and Mr. Datta were engaged in Tenassarim on coal exploration ; w'hile Dr. 
Noetling, more directly in communication with the Local Government, was engaged 
on several enquiries in Upper Burma. Dr. Noetling was also engaged, just towards 
the end of the year, in repotting on the condition of the Dandot and VVarora Collieries 
(in the Punjab and the Central Provinces) in view of a rather large percentage of 
accidents ; a deputation which was of immediate necessity, the awaited Inspector of 
Mines not having at the time arrived in India. Mr. F. H. Smith and Sub-Assistant 
Kishen Singh were at work in the Rewa State, where surveying was done in connec- 
tion with the mineral exploitation left by Mr. Hughes in the hands of the State Mining 
Assistant, Mr. Sewell. In the Madras Presidency, field petrology and mineral survey 
were carried out by Mr, Holland at such times as he could be spaied from the 
Laboratory and Museum at Calcutta, and his Professorial work at the Presidency 
College. Mr. Oldham remained at head-quaiters for the greater part of the year, 
engaged on the preparation of the new edition of the Manual of the Geology of India 
which was published in August. He was, however, able to pay a short visit to Burma 
in March when he enquired into and repoited on the prospects of an artesian water- 
supply for Rangoon ; and also inspected the oil region of Yenangyoung and that 
neighbourhood regarding an apparent tendency to a decrease in the well supplies^ 
which was happily not confirmed. I myself was on tour in March and April at 
Sukkur and Karachi in connection with the proposed experimental oil-horing at the 
former place, and at the Salt Range coal-fields : in April and May, 1 had an oppor- 
tunity of conferring with the Financial Commissioner at Rangoon on the gold enquiry 
in the Kathd distiict and inspected the coal exploitation on the Tenassarim river ; 
and after return to Calcutta proceeded to Warora Colliery in the Central Provinces 
to advise the Manager on some deep borings which were being carried out in a new 
part of the field. In September and October, I visited parts of Madias, examining 
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rerlain areas of hypersthenic igneous rocks» lately brouglit to notice by Mr. Holland ; 
and arranged with the Government for a more connected mineral survey of the 
Salem district : and at the end of the year a fmther visit was made to Burma to 
examine the conditions of the Kathd gold occurrences, and the capabilities of the 
Tingadaw coal-field. 

2. The operations of the Suivey have thus' been mainly confined to extra- 
Peninsular India; that is, in the Punjab, the North-West Frontier, and Burma; while 
a small, though at the same lime very important, advance has been made in 
Peninsular geology. 


EXTRA-PENINSULAR GEOLOGY. 

3. Baluchistan. — Tertiary and Cretaceous. — A large tract of country in the 
Harnai valley has been added on to that already surveyed and reported on by 
Mr. R, D. Oldham in 1892, in his Geology of Thai Chotiali and part of the Mart 
country ; and Mr. Griesbach has given a portion of the results of this later work in 
his paper on the Geology of the country between the Chtppar Tift and Tlarnai, 
We have thus a completely mapped and reported record of the area extending from 
the neighbourhood of Sibi to Mangi, along the line of the Sind-Pishin Railway. His 
survey, however, covered a far larger area than this, as it extended on to and 
around Quetta, dealing especially with the completer examination of the coal out- 
crops in the latter region ; and over the Kojak-Zhob line of country, where he came 
across a very interesting zone of volcanic instrusions among the lower eocene 
rocks. 

4. Mr. Griesbach was the first member of the Survey who entered on the 
Bolan-Queita ground so far back as 1880, though then only by traverse work 
alongside of the military occup.xlion of the country, so that his interpretations, 
which sometimes extended on either side well beyond his line of march, weic 
necessaiily sketchy and fo far open to a certain amount of criticism by his then 
senior officer, Mr. W. T. Blanford, who, armed already with his wide experience 
of the Sind crctaceo-tertiaries, followed pretty much on the same track to Quel'a 
and out again by the Ilamai route in 1881-82. Blanford's march was also 
a traverse, and he was harassed by illness over the latter part of his journey. 
The subsequently settled and railway-opened-up condition of the country eventually 
permitted of a more detailed survey being made, though this was interrupted at 
times by excursions after coal and oil; and Mr. Oldham was deputed for the woik 
the results of which he gave in the report referred to above, the principal 
one being that there is an absence of definite break between the eocene and creta- 
ceous formations; that there is, in fact, considerable indication of a series of 
passage beds. With the evidence of his two colleagues before him, the later 
observer is therefore fortunate in having the opportunity of settling the geology of this 
interesting region — ^interesting not only in its structural relations, but as being a 
connecting area between the Europe-Persia tract and the Indian e.xlenslon of the 
ancient Mediterranean area of cretaceo-tertiaiy life and deposition. The question 
of the relations between our Indian teniaries and the cretaceous fo/mation is 
indeed of the greatest interest to geological science, because, whereas in England 
and Western Europe the distinction between the two is absolute straiigraphically 
and palseontologically, the evidences in Eastern Europe and thence eastward are 
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much less pronounced in that connection. In Peninsular India, it has long been 
known that the (^/ww-cretaceous facies of ceitain fossiliferous beds associated with 
the Dcccan Trap Series, as well as other characteristics, point very decidedly to a 
period of passage life and volcanic activity ; and our later progress in the Punjab 
and in Baluchistan appears to be more and more confirmatory of this. 

5. So far, however, Mr. Giiesbach is not able, on the stratigraphical and fossil 
evidence obtained by him, to follow Mr. Oldham, in his exposition of a passage 
series characterised by an anomalous fauna, in the Harnai valley, preferring to 
consider that Mr. Oldham’s “ Dungan Beds” are really of lower eocene age ; an 
examination of the fossils (Cnoceras, SaculUes and Ammonites^ with an abundance 
of Numnutlitei) by Dr. Noetling showing rocks yielding them to be of tme 
cretaceous — rather lower than upper-age, with Orhifolifes; no nuinmulite being 
recognizable in the collection sent down to Calcutta. The question, therefore, still 
remains an open one for Mr. Griesbach to work out during his further pi ogress on 
the Baluchistan survey : although the balance of evidence, outside of this fossil 
case, as displayed generally over the Hornai-Thal Chotiali tract and in the Western 
Punjab hills, is still consideiably in favor of a passage series. Indeed, only lately, in 
December, a note has come in from Dr. Noetling, who has been engaged on a 
mining inspection of the Dandot colliery in the Salt Range, wherein he mentions 
that on examining the coal shale basin underlying the nummulitic limestone, 
he had found the fossils having a decided tertiary facies, but that there were 
among them others with an upper Senonian (White Chalk) aspect ; so that here 
again is a fuither item in the evidence for a passage series, k presumed corrola- 
tiou of the dark shales of the Kojak range with the Simla slates (attiibuted to 
carboniferous age by Mr, Oldham) has been corrected so far by Griesbach’s finding 
within them a true nummulitic bed, thus adding confirmatory evidence to his original 
view of the teitiary age of the Kojak series. 

6. Punjab : Salt Rj\nge.— The nature of Mr. LaTouche’s duties in connection 
with the boring exploitation in the Bhaganwalla coal-field prevented his devoting 
much time and attention to geology except in the immediate vicinity of his work ; 
he was theiefore unable to add much to the discussions of the numerous interest- 
ing problems which have arisen since the time of Mr. Wynne’s splendid work in 
that area. 

7. Palmzoic. — The strange occurrence of the comparatively soft series of the 
Salt-marl group, generally underneath a very thick and massive series of older 
palaeozoic age ; and again in apparent natural position under yet newer foimations 
has, within the last few years, aDused under Mr. Middlemiss’ and my own study, 
much discussion not only as to its position but as to its origin. This series is, 
however, only very slightly exposed in the gorge at Bhaganwalla, and its relations 
with the overlying purple sandstone are only clearly seen at one pomt, on the 
right bank of the stream immediately above the village. Mr. LaTouche observed 
that the appearance of injection into the overlying sandstones is certainly notice- 
able, but it does not seem impossible that this appearance may have been caused 
by a squeezing out of the soft marl along the line of a fold. 

8. w».— The " Silurian, shales ” of Wynne, which, however, ultimately 
yielded remains of trilobiles at Khusak, thus determining their Cambrian age, are 
exposed on the right bank of ihe more westerly of the two streams which issue 
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from the range at Bhaganwalla, and Mr. LaTouchc was fortunate enough to 
discover s'pecimens of Uilobiles in an identically similar position to that in which 
they occur at Khusak, viz., in a band of dark shale, a few feet below the base 
of the Magnesian Sandstone. The specimens weie in the same state of preserva- 
tion as at Khusak, only heads being found ; and no additional species were 
discovered. They occuired here in only this single zone, the lower “ galleries ” 
of Khusak being apparently unrepresented. 

Permo-cafboni/erous . — The “ Boulder Bed,*' so conspicuous in the middle 
portion of the southern escarpment of the Salt Range, is not well- developed near 
Bhaganwalla ; occurring only in lenticular patches, never mere than a few feet 
in thickness, between the white sandstones at the base of the co.il-bearing group 
(tertiary) and the “ Salt Pscudomorph ” zone of Triassic age. No unconformity could 
be detected between it and the beds above and below ; indeed it appears to pass up 
into the white sandstones, the base of which sometimes contains strings and thin 
beds of pebbles and small boulders, similar to those in the boulder bed pioper. 

10. Cretaaous-eocene. — In describing the existence of fossil resin in the coal, 
ophich is considered so far to be of teiliary age, Mr. LaTouche recalls the fact 
that in Assam, where cral seams occur in beds of both cretaceous and nummulitic 
age, an exactly similar fossil tesin is found, but only in the coal of cietaceous age, 
which it serves to distinguish from the newei nummulitic coal. If, as seems likely, 
this resinous substance points to sonic peculiaiity in the vegetation from which the 
coal was formed, its occurrence in beds of diffeient ages in the two aieas would 
seem to indicate either that the coal- producing vegetation of cretaceous age in 
Assam persisted to nummulitic times in the Punj ib, while it was replaced by a 
different vegetation in the former province, or that the nummulitic coal of the 
Punjab is really horaotaxial willi the cretaceous coal of Assum— a supposition 
which its position, ai the base of the nummulitic limestone tiiistcad ol ovctlying 
it as the nummulitic coal of As.sam does), and the absence of any bterk in deposi- 
tion between the beds of the two ages in both areas, rendcis not unlikely. 

11. Upper Tertiary , — Regarding the questions of the i elutions of the Num- 
mulitics to the Nahans, no signs were observed of unconformity. I'he transi- 
tion is always abiupt, and pebble beds are of frequent occuirence at and near the 
base of the sandstones, but the rolled pebbles aie always of crystalline locks, and 
do not include any from the underlying limestone. Nodules of the latter are of occa- 
sional occmrrence in the lowermost beds of the Nahans, but, so far as was seen, they 
are not rolled, and do not form anything like a pebble bed. Their occurrence, 
however, imbedded in the sandstones, shows that before the deposition of the 
latter, the limestone had assumed its present highly nodular structure and therefore 
would appear to indicate the lapse of a considerable period of lime between the 
laying down of the two formations, 

12. Hazara. — ^Thc cold weather of 1893 brought to a close Mr. Middlomiss’ three 
seasons’ woik in Hazara. During that lime the chief objects of the re-<^uTvey 
were to fill in the gaps in the maps left unfinished by Mr. Wynne, dated 1877-79, 
and to link together the scattered information on the subject to be found in the 
Records and Memoirs of the Geological Survey, by supplying an organised account 
of the whole district. These objects have in the main been attained, and as on 
nearly all important points the work harmonizes with that of Dr. Waagen and 
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Mr. Wynne, their classification of the histoiical rocks has been adopted. The 
following is a list of the Geological formations lepiesented in Hazara, in descend- 
ing ordei : — 

(1) Alluvium and Recent gravels. 

(2) Murrec beds, Miocene. 

(3) Kuldana bods (-» passage beds). 

(4) Nummuhtic, Eocene, 

($) Middle Cieiacfous. 

(6) ^utassie. 

(7) Tria^stc. 

(8) Infia~Tiias. 

(9) Slate Series 

13. In the noilhern parts of Hazaia certain rocks are invaded by lenticular 
beds of gneissose-granite, the result being a complex of crystalline and metamorphic 
rocks, which occupy laige aieas among the secluded mountains and glens of 
Agror, Khagau and the Black Mountain. One of the points to which Mr. 
Middlemiss' attention was chiefly directed was to settle if possible how many of the 
foimations enumerated above had been affected by metaraorphism during this 
irruptive period. The lesults show that the Infra-Tiias and the Slate Series have 
been so affected to the exclusion of the rest. The vaiious stages of metamorphism 
and the complicated mode of intiusion of the gneissose-gi anile offer many points 
of great interest which will be fully desciibed in the forthcoming memoir on 
Hazara. The identity of character of these rocks with those of a great pait of the 
Himalayan lange is impoilant as implying a unity of age and structure. 

14 As regards the distiibution of the formations over the amface of the 
country, there is a natural scheme into which they fall, ozs., a set of zones or 
elongated strike areas, each of which is characterised by the prevalence at the 
surface of a paiticular formation. There aie manj other peculiarities defining 
these zones which will be given in detail in the memoir, hut one particularly 
striking feature is that each of these zones is divided from its neighbour-zone by a 
long fold-fault extending generally the whole breadth of Hazara. 'Fhe following is 
a list of the zones from N.W. to S.E : — 

I.— Younger Tertiary Zone, 
n. — Nuramulitic Zone. 

Ill —Slate Zone. 

IV.— Crystalline and Metamorphic. 

As to what these formation-zones, which are also distuibance-zones, means ; it is 
believed that they have important bearings on the history and development of the 
great mountain ranges, poitions of which lie within the boundaries of Hazara. 

15. The district has not yielded any fine collections of fossils comparable to 
those of the Salt Range or the Central Himalaya, but fiom the cietaceous band a 
good number of forms have been gathered which without much difficulty can be 
matched by those fiom the cretaceous of Southern India at about the horizon of the 
Utatur group. The geological mapping of the area has been done on the sheets 
of the Revenue Survey (1 inch a: i mile), and a map is being prepared for publica- 
flon on half the above scale. Hoiizontal sections will accompany the map, and 
panoramic views of the country, drawn with the camera lucida, and colored 
geologically, will be added, so as to present the rock stmeture and physical 
features of the country together at a glance. 
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16. Lower Burma. — Palceozoic BXiA Tertiary , — While engaged at the exploitation 
for coal on the Great Tenassarim river, Messis. Bose and Datta had necessarily to 
devote a considerable pait of their time to woiking out the geology of that part of 
Tenassai im ; and mainly because the mineral itself appeal ed to be of different quality 
in separate places, while it is at the same time associated with two different series 
of rocks. As a matter of fact, the coal is of two ages, the older but poorer coal 
being of caiboniferous age, while the latter of the two is of tertiaiy age. In this 
enquiry, we have now obtained a fairly connected knowledge of the geology of 
Tenassarim from Victoria Point, the southern limit of the countiy, up to the 
parallel of Mergiii, 

17. Dr. Oldham’s original conclusion as to the caiboniferous age has been 
further established through Mr. Bose’s find of a series of true carboniferous fossils 
in one of the strangely picturesque and cavernous isolated ridges of limestone so 
frequently met with in Moulmein, Tavoy, and Mergui; though until now, never in 
such close association with the strata carrying the poorer coal referred to above, 
He was also able to determine the much later (tertiary) age of the series 
(Tendaw) containing the proper workable coal; this paiticular development of 
which forms a shallow synclinal basin lying along the bottom of the main liver 
valley, which has been excavated in one of the great anticlinal folds into which 
the palieozoic series of Tenassarim has been thrown, and which extends—marked 
by bands of cavernous iimestome — with a fairly north and south strike through the 
districts of Tavoy and Amheist and thence noithwards into Upper Burma. 

18. Upper Burma. — PaloBOZoicand Tertiary. — The same carboniferous series 
was met with by Dr. Noetling far to the north in Mogaung and Bhamaw, whence he 
has been able to connect it past Mandalay, Yamethin, Toungoo, and Shwegyin, 
with the cavernous limestones of Moulmein, which country he was able to visit early 
in the season. He also examined the Moulmein caves for remains of bone-bearing 
gravels, traces of which he had already found in the Irrawaddi valley, but so far 
without success. His work during the season was however principally in connection 
with the oil and mineral developments of the country, particularly around Wuntho in 
the Kalhd district, which he examined for gold, lead and coal. This is a large area 
of about 2,000 square miles in extent and mainly coveied with jungle, so nothing but 
traverse observations could be made and the geneial position and lie of the rocks 
ascertained. The formations met with were palaeozoic limestones (aheady men- 
tioned as extending northwards in this district) on the extreme east of the present 
area ; lower and upper mesozoics, and the alluvium in a wide bay on which lies 
the town of Wuntho, and in the Mu river valley. The latter valley is bordered on its 
eastern side by north-north- east — south-south-west striking belts of two raiocene 
groups, in the lower of which good coal seams are found in blue shales. They 
resemble so closely the coal measures in the Chindwin district that there can be 
little doubt as to their being of the same geological period. Several small out- 
liers of the same series, though without indications of coal, are scattered over the 
Wuntho alluvial plain, and a wider and fuller development constitutes the low hill 
tract to the eastward. The middle region— that is, the lofty hilly tract of Mankaw 
{3,911 ft.)— is made up of a wide expanse of schists and trappoid rocks in which are 
J^quent traces of poorly auriferous occurrences in the diorites themselves, and in 
some of the quartz veins distributed through this series, the age of which has not 
yet been ascertained with any degree of ceitainty. 
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Peninsular Geology. 

19. Madras. — Crystalline series , — ^As \\'as the case last j^ear, investigation of 
the crystalline series has only been carried out as opportunity offered when Mr. 
Holland could be freed from his proper duties. In this way, he was able to pay visits 
during the months of May and June, and again in part of September and October, 
during the first of which he was at last able to carry his experiences of Salem 
into the Coimbatore and Nilgiri districts. The Nilgiris had been surveyed so far 
back as 1857, at which time the study of the metamorphic crystalline rocks 
was still, owing to their presenting a certain laminated and even, in cases, 
a decidedly bedded structure, biassed with a tendency to consider them as a highly 
altered form of sedimentary deposits ; while investigation as to their composition and 
the aggregation or mode of occurrence of their mineral constituents was as yet only 
open to but an initial stage of the splendid microscopical research which has since 
developed into the specialized science of petrology. Thus, though somewhat against 
the views of the then Director (Dr. Oldham) of the Survey, these mountains, and later 
on, the Shevaroys and. other hill masses in the Salem district, were finally considered 
to be made up of very highly altered massive gneisses of original sedimentary accu- 
mulation. 

20. Step by step, however, new points of evidence have been brought together 
confirming Mr. Holland’s original conclusion, referred to in my last annual report, 
that whatever may have been the origin of the materials now forming the principal 
part of the greater mountain masses of Southern India, their mineral composition 
and microscopic structures which are so strikingly the same in widely separated and 
apparently isolated localities can only be the result of having been formed under 
conditions identical with those ordinarily regarded as belonging to igneous rocks. 
Rocks, indistinguishable in hand-specimens, occur at St. Thomas’ Mount, in the 
hills near Pallavaram railway station, at Mailam, on the Shevaroy hills, the Nilgiris, 
the Pulnis, the Anaimalais and the Western Ghats which, in each district, contribute 
a complete pyroxenic series ranging from acid granites to very basic pyroxenites. 

21. The occurrence of these rocks in India will doubtless yield suggestive evi- 
dence towards the solution of some of the larger questions which have of recent years 
occupied the attention of workers in the so-called archsean gneisses and schists with 
which in other parts of the world similar rocks have been found always associated ; 
as in the cases of the trap-granulites of Waldviertel in Saxony, in the Hebridean 
gneissic system of Sutherlandshire and Aberdeen in Scotland; the norites of 
the “Cordandt Series” and the gabbros of Baltimore in America. With re- 
gard to the Cortlandt Series of the latter country, the microscopic characters 
of which were described by Professor G. H. Williams, in a series of well-known 
papers published in 1886-87 ; almost every type described by that author has been 
matched in our recent survey by specimens from the Madias Presidency ; in addi- 
tion to which I may also announce the discovery of a distinctly acid pyroxene- 
bearing rock, which seems to be a type of igneous rock hitherto undescribed, 
the pyroxene being generally of the rhombic type, and approaching prolo-hyper- 
sthene in composition. From this fact and because the rock, both in hand speci- 
mens and in field characters, presents an unmistakable individuality ; Mr. Holland 
feels justified in describing it under the new name Charnoeliiie, one of the first spe- 
cimens of the rock (which is largely used for simctural and ornamental purposes) 
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brought to Calcutta and the fitst examined under the microscope, being a splinter 
from the tombstone of Job Chauiock (1693). 

22. To complete the parallel with the American rocks : spinelloid hercynite, a 
constant associate of coiundum, has been found among the othei rather rare minerals 
in the Madras pyroxene series ; and it is thus possible that the obscurity in which 
the origin of corundum still lies may be dissipated by the researches now being pur- 
sued in the field and laboratory. 

23. That the petrological variety for which the Norwegian and Ural rocks have 
long been famed may be paralleled in India, as pointed out by Mr. Holland last year 
when announcing his discovery in India of the rare mineral riehecktte, appears to 
be well sustained by the evidence afforded by these rocks j jet we have even 
a later deteiraination of what was supposed (by the sender) to be a piece of iron ore 
found in Bengal, as the rare mineral columbite^ one of the characteristic niobalesand 
tantalales of Scandinavia and the Urals. In this connection, too, is the very interest- 
ing discovery by an independent observer (Dr, J. W. Evans, State Geologist of 
Jonagadh in Kattiwai) of the remarkable rock, eloeolite-syenite, known more 
especially from its occurrence in South Norway; where, as in India, it is associated 
also with angite-syenite. 


ECONOMIC SURVEY. 


24. Coal investigation has gone on in Baluchistan, the Salt Range in the Pun- 
jab, and in Tenassaiiin : while coal, oil, gold, and lead ores have been explored in 
Upper Burma. Lead enquiry has been carried out to some extent in Rewa; and the 
extended occuirence of corundum and the iron ores has received a certain amount 
of attention in the Madras Presidency. 

25. The coal enquiry in Baluchistan had reference to the coal outcrops near 
Quetta Coal Qtictta, or more strictly speaking in the high valleys of Les 

and As Tangi to the eastward of that town, which have been 
under desultory working by native contractors, but which it was hoped might 
on closer survey be found worth working in a more systematic way. The detailed 
survey was undertaken by Mr, Assistant Super in icndent Edwards under the orders 
of Mr. Grresbach, but the survey was not completed owing to the illness of the 
former officer which culminated in a severe attack of typhoid fever. The survey was 
again resumed by Mr, F. H. Smith in October last. In the meantime, Mr. Gries- 
bach completed the survey on the Khdst side of the country when he was able to 

offer a much more sanguine opinion as to the future of the 
coal in that direction, and he has given details of the various 
sections exposed in the Harnai valley in his report of the country between the 
Chuppar Rift and Ilamai which was published in the last part of the Records of 
the Survey, and from which I lake his concluding remarks 


Harnai Coal. 


** It only remains to add a few words on the economic value of tho urea. This, of course, 
consists in the large amount of coal which is available iu the more or less constant horizon of 
the middle nummulitlc subdivision. Most of the outcrops have either been worked or are 
sufficiently tested to prove the usefulness of the coal as regards quality and the limited thick* 
ness of the seams, and it is certain that even after the complete exhaustion of the Klhdst 
coUieries there will be a very large amount of coal left in other sections of the field. I will not 
enter here into the composition of the coal ; this has been done already by other observers. 
Mr, Jones has also attempted to compute the quantity of coal available, but he has certainly 
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much under-estimated the latter. The fact is, no estimate, even approximately correct, can 
possibly be arrived at, which would be of the least practical use. The whole basin of the 
* trough,* including the entire hill-range which bounds it along the southern rim, with 
probably a large area south of it, is pait of the field and contains seams of coal. If only 
the Khdst seams are taken as examples and the amount of coal calculated on the thick- 
ness of these seams and the area of the basin, no doubt a fairly accurate idea of the 
amount of coal present in these strata would result j but that is not the amount actually 
available. The greater portion of the basin is broken up by faults, folds, and some of it 
has been carried away by denudation, so that only a small proportion of the total coal is 
available for mining purposes, and of these portions the exact limits are not known. In 
the above paper 1 have given a description of the distribution of the seams, and also indi- 
cated in outlines which 1 consider the most promising localities for opening works, after 
Kbdst is exhausted or nearing that stage. 

“Amongst the best of these localities is the cliff, si miles south-east of Shdhrdg Station, 
with the area immediately adjoining it. This will undoubtedly offer as good chances as 
did the Khdst workings, and the locality is near enough to the line of railway to be worked 
cheaply. Next to Shdhrdg in importance, I consider the cliff between Punga Ghdt and 
Harnaij there the seams are good, but the outcrops are too low down the hill-side to 
allow the same process of mining to bo adopted as at Khdst and Shdhr^g, The workings 
would be soon below the level of the ground-water, and therefore pumping would have 
to be resorted to, which would incrense the cost of the output considerably. 

“ Still more difficult to work, on account of the underground water, would be mines 
established on the Pdnga Ghdt, or north of the river near Ali Khan, were it decided to bore 
in these localities for coal, which most probably would be met with not far below the pre- 
sent surface.” 


26. The coal enquiry at Bhaganwalla in the Salt Range was instituted on 

Salt Ran e Coal account of a proposal by the Noith-Western Railway ad- 

a ange oa . ministration to woik the Bhaganwalla area, the supply from 

the Dandot colliery to the westward being inadequate to meet the demand. 
Mr. Luckstedt, the Executive Engineer in charge of the coal operations, having made 
a report on what he considered to be the probable available amount of coal 
under the Ara plateau and in the eastward end of the Salt Range, which certainly 
appeared to me to be over-exaggerated ; it was decided to test this by borings and 
detailed survey, for which duty Mr, LaTouche was deputed from the Survey. A 
detailed plane-table survey on a scale of 6 inches to the mile "uas made by Mr. Ed- 
wards ; and, although the large area of the Aia plateau must be left out of consider- 
ation, as all the evidence goes to show that no continuous seam of coal* can be expect- 
ed to lie under it, it was found that at the eastern end of the range, where the coal 
suddenly becomes high-dipping, there is probably an available output of over a 
million tons, provided working can be carried on to a sufficient depth along the dip, 
Mr. LaTouche’s report is given in full in the current part of the Records. 

ay. In Tenassarim, it was decided to test the Tendaw-Kamapying coal-fields, 
„ • r I on the Great Tenassarim river, by a series of borings and 

enassenm oa . which were carried out by Mr. Bose assisted by Mr. 

Datta. The old interest in this field was revived by Mr. Hughes during his ex- 
ploitation of the Tenassarim tin areas, a preliminary report having been 


published by him in the Records for 189a. Mr. Bose's repoit confirms the estimate 
of Mr, Hughes as regards the presumable quantity of available coal under not difficult 
working, viz., about a million tons ; and this is what may be called a safe estimate. 
Extended and somewhat more troublesome mining would probably disclose a larger 
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amount of coal. Mr. Hughes relied on ibis fuither exploration as likely lo show 
some extension of the coal-field consideiably further southwards down this long i each 
of the Tenassatim river, but this has not been proved ; indeed, the evidence obtained 
is decidedly against it. From my own inspection of this river’s wonderfully zig-zag 
course through the frequently high-ridged tract of countiy between Mergui and the 
coal valley, I should say that there is little chance of finding an easily woikable road 
or tram-track between the coal and the seaboard, while a route paitly by land and 
partly by river would only involve a ruinous break of bulk in carriage of the fuel. 
Getting the coal to the coast solely by the river route seems inevitable ; and this can 
only be done by barges and stern-wheel steamers of the shallowest diaught. 

a8. In Upper Burma, Dr. Noeiling repoited on the occunence of coal in the 

Pinlebu subdivision, Kathd district; on the lead-mines 
at go tract, subdivison ; and on the auriferous tracts in 

Wuntho. With regard to the latter, he found On arriving at the place that veiy little 
was known as to the actual situation of the localities where gold was said to have 
been extracted from the giound by the natives. The chief importance of the meagre 
information that could be obtained consisted in the fact that everything tended lo 
prove that the gold was not extracted from the alluvial formation, but that theie 
actually existed veritable “ reefs.” But nothing could be asceitained as to their 
whereabouts, the natives apparently being veiy reluctant to give any information. 
The only information supplied was that Mr, Bidoulac had applied for, and been 
granted, a concession of { square mile of land supposed to be gold-producing, near 
a village called Kokkotla, north of Wuntho. At least seven different localities were 
ultimately discovered where the natives used lo dig for gold. However, the exami- 
nation of the places was sufficient to foim an opinion as to the occuirence of gold, 
so far as this could be done without extensive digging. Just at the end of the year, 
however, I have myself had an opporiunily of inspecting this region, which is one 
of a schistose series, which may answer to our Dharwar series of Peninsular India. 
It is very extensively traversed by a complex of basic igneous rocks, and in certain 
belts, particularly where the schists are very talcose, there is a decided development 
of quartz infiltrations in the form of generally small reefs, ledges, and strings which 
are more or less auriferous. The whole area, covered as it is by fairly thick and 
lofty forest and subject to a modeiately moist climate, is wonderfully decomposed 
as to its rocks, which arc now, for considerable depths, little else but red and brown 
ferruginous, sometimes laleritic, clays, which however still shoai their original bed- 
ded or laminated structure in the deeper gullies and in some of the artificial excava- 
tions ; and in this decomposed rock, or scattered over its slopes, maybe seen the out-* 
crops of strings and ledges, or the debris of these. As a consequeuce, there are 
several localities which have been extensively and cleverly washed for gold by the 
natives — more steadily in old times because tribute was then forcibly demanded in 
gold in this part of the country ; but much less often now, I did not see, or hear the 
least evidence of, any quartz having been pounded up for gold-washing; the old 
washers simply sluiced the weathered rock in a primitive but effective fashion and 
then washed out the coarse gold. The present people think nothing of the fine gold 
which is obtainable more or less from almost every hand lump of the pyritous quartz 
debris when pounded in a mortar. The present development, of nearly eight 
months' standing, is as yet scarcely beyond the initial stage ; no very decided well- 
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Pinlebu Coal, 


defined or continuous reef having been met with, though there are outcrops of 
biggish ledges the quaitz of which is, however, not so rich as in the smaller strings. 
The poor show of quartz occurrences now reported may indeed be more frequent 
in thickness as they are followed in depth, or they may not : there is no evidence in 
either one or the other direction. 

29. For the Pinlebu coal, which occurs exclusively in the low hills skirting 

the western side of the Maingthong hill tract ; the summary 
of Dr. Noetling’s leport is, that there is only a small number 

of seams, which are generally of very inferior quality, consisting chiefly of shaly 
coal : only in two cases is it probable that the thickness of woikable coal comes 
up to five feet. Although the coal is of good quality, it may safely be said that the 
quantity is insufiBcient. Even if there were a consid'erable quantity of coal available, 
it is doubtful whether the distance of at least 32 miles from the nearest railway station 
would not prevent a successful exploitation, the cost of transport being too high. 
Under these circumstances, the coal seams in the Pinlebu subdivision may be 
considered as relatively of little value, except for local use. 

30. The lead-mines in the Pinlebu subdivision occur at two localities where 
the Shan settlers in the Maingthong hill tract have been extracting lead-ore for a 
considerable time past, — mz., (a) Kaydwin, and (d) Mawkwin. At the former place 
several large and deep holes may be seen which have been driven from the river 

bank into the hrll-side ; work has, however, been stopped 
Pinlebu Lea . some time. So far as can be noticed, the ore occurs 

in the cracks of a dyke of an igneous rock belonging to the aphanite group, of 
considerable thickness ; at one place its thickness is not less than 20 feet. The ore 
being cerusife, is found in strings up to J inch of thickness filling the cracks of the 
rocks all throughout. On assay it yielded 69*1 per cent, of lead and 33 oz. 16 dwts. 
4 grs. of silver to the ton of lead. At Mawkwin, the dyke is considerably thinner, 
and the old workings are less extensive ; the occurrence of the ore being, however, 
exactly the same as at Kaydwin, 

31. So far as can be judged from the examination of these two localities without 
extensive diggings being undertaken, the diggings at Kaydwin and Mawkwin are 
situated on one and the same dyke, running approximately south-west — ^north-east. 
If the dyke should contain an equal quantity of ore strings at intermediate places, 
such an occurrence of this lead-ore would certainly have a considerable value. 
This, however, can only be settled by extensive diggings. 


Museum and Laboratory. 

32. Mr. Holland, the Officer in charge of the Museum, has made considerable 
progress in the classification and microscopic description of the large series of 
rocks collected during former years by officers of the department and private 
individuals, and results obtained add greatly to our knowledge of the eruptive and 
crystalline rocks, which have recently proved to be of great petrological interest. 
Amongst features of noteworthy interest which have resulted from this work, may be 
mentioned the curious inclusions of heulandite, celadonite and glauconite in hand- 
some green crystals of calcile, and a new variety of magnetite. The so-called mica- 
traps,’^ intrusive in the coal-bearing rocks of Raniganj, Karhaibari, and Darjeeling, 
are found to be interesting types of an ultra-basic rock, mica-peridotite. 
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33. A large number of assays of ores and coals, and the determinations of 
minerals, have been published from time to time in the Recoids ; and in this work 
of the Laboiatoiy as well as in the Museum, Mr. Holland reports most favourably 
of the carefulness and accuiacy of the work done by the Museum Assistant, Mr, 
T. R. Blyth. 

34. hlr, Holland has especially for the sake of students, written an Introduction 
to the Study of Indian Minerals, with a descriptive list of the species represented 
and an Index to the Museum collection. 

35. Surviy publications .-— new ed'tion of the Manual of the Geology of India has 
been revised and largely rewritten by Mr. R. D, Oldham and published duiing the 
year, which has been very favourably received. The progress of survey since the first 
edition was issued, has been so marked that an cntiie change has been made 
in the arrangement of the book, the rocks being described, in chronological order 
instead of being treated under a series of descriptions of separate districts. Still, 
many districts have had to remain untouched, so that as regards these, and where 
no serious modifications were necessary, the original text has been allowed to stand. 
The number of plates, maps, and psgc illustrations has been considerably increased, 
and the volume itself is in handier form. The year’s volume of the Records con- 
tains 15 papers and appendices, of which six deal with industrial and allied subjects. 
In the Palseontologia Indica, Dr. G. W. Gregory’s volume on the Jurassic Echin- 
oidea of Cutch has been issued. 

36. Zt^ru/'y.— The additions to the Library amounted to 1,938 volumes or parts 
of volumes, of which 1,209 were acquiied by presentation and 729 by purchase. 

37. Ptrsonnel. — Mr. T. W. H. Hughes, through a most regrettable accident, was 
compelled to lake leave from the 26th January 1893. Mr. R. D. Oldham has 
taken fui lough from the i8th July 1893. Mr. W. B. D. Edwards has also, 
through illness, been granted leave from the 4th November 1893. 

WILL. KING, 

Difector, Geological Swvey of India* 


Calcutta : 
3i.\i January 18^4. 
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of Soc’&ties and oihey Institutions from tohtch publications kata 
been received in donation or exchange for the Libtaty of the Geolo- 
gical Survey of India during the year iSg3. 


Adelaide. — Royal Society of South Australia. 

Algiers. — ^Geological Survey of Algiers. 

Ballarat. — School of Mines. 

Baltimore. — Johns Hopkins University. 

Batavia. — Batavian Society of Arts and Sciences 
Belfast. — Natural History and Philosophical Sociel>. 

Berlin, — Geiman Geological Society. 

„ Royal Prussian Academy of Science. 

„ Royal Prussian Geological Institute. 

Bombay. — Bombay Bianch of the Royal Asiatic Soci.-i} 

,, Maiine Suivey of India. 

„ Meteorological Department, Government of Bombay. 

„ Natuial Histoiy Society. 

Boston. — American Academy of Aits and Sciences 
,, Society of Natural History. 

Breslau. — Silesian Society. 

Brisbane, — Rojal Geographical Society of Australia. 

„ Royal Society of Queensland. 

Bristol. — Bristol Naturalists' Society, 

Brussels. — Royal Malacclogical Society of Belgium. 

Budapest. — Ilungaiian Geological Institute. 

,, Hungarian National Museum. 

Buenos Ayres. — National Academy of Sciences, Coidoba. 

Caen. — Linnsean Society of Normandy. 

Calcutta. — Agiicultiual and Hoiticultural Society ol India. 

„ Asiatic Society of Bengal. 

„ Editor, The Indian Enqtnea . 

,, „ Indian Engintet ing. 

„ Meteorological Depaitmcnt, Government of India. 

I, Reporter on Economic Products, Government of India. 

„ Survey of Indii. 

Cambridge. — Philosophical Society. 

„ Univeisity of Cambridge. 

Cambridge, Mass. — Museum of Compaiative Zoology. 

Cassel. — Vereins fur Naturkunde. 


Cincinnati. — Society of Natural History. 

Copenhagen. — Royal Danish Academy. 

Dehra Dun. — Great Tiigonometrical Survey, 

Dijon.— Academy of Sciences, 

Dresden. — Isis Society. 

„ Royal Mineralogical, Geological, and Pie-Histonc Museum, 
Dublin.— Royal lush Academy. 

„ Science and Ait Museum. 

Edinburgh, — Geological Society. 
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Edinburgh. — Royal Scottish Society of Arts. 

„ Royal Society 

„ Scottish Geographical Society, 

Freiburg. — Natuial History Society. 

Ghnfva — Physical and Natural History Society. 

Glasgow. — Glasgow University. 

,, Philosophical Society. 

Gotha. — Editor, Peiermantis GeogtaphUche Mtitheilungen, 
G6ttingen. — Royal Society. 

Halle.— Natuia! History Society. 

Hamilton. — Hamilton Association. 

Konigsberg. — Physikalisch-Okonomische Gesellschaft. 

Lausanne.— Vaudois Society of Natuial Sciences, 

Leipzig, — Verein fur Erdkunde (Geological Society), 

LfkGE. — Geological Society of Belgium. 

Lille.*— Socidtfi Gdologique du Noid. 

Lisbon. — Geological Commission, Portugal. 

„ Geological Suivey, Portugal. 

Liverpool. — Geological Society. 

London. — Geological Society. 

„ Iron and Steel lustitnte 

,, Linnoean Society of London. 

„ Royal Geographical Society. 

„ Royal Institute of Gicat Biitain. 

„ Royal Society. 

„ Society of Arts. 

„ Zoological Society, 

Lyons. — Museum of Natural Ilistoiy. 

Madrid. — Geogiaphical Society. 

M ANCiiESTER, — Gcological S ociety. 

„ Literary and Philosophical Society. 

]\Iklbourne. — Depaitmentof Mines and Water-Supply, Victona 
„ Royal Society of Victoiia. 

Milano.— Italian Society of Natural Sciences. 

Montreal. — Royal Society of Canada. 

Moscow. — Imperial Society of Naturalists. 

Naples. — Royal Academy of Science. 

Newcastle-on-Tyne.— North of England Institute of Mining and Meclianical 

Engineers. 

New Haven. — Connecticut Academy of Arts and Sciences. 

New York. — Academy of Sciences. 

OsEORD, — University Museum. 

Ottawa. — Geological and Natural History Survey of Canada. 

Paris.— 'Editor, Annuatre Giohgtqm Untoersel, 

„ Geogihphical Society. 

„ Geological Society of Fiance. 

„ Geological Survey of France, 


Mining Department. 
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Philadelphia. — Academy of Natural Sciences. 

„ Ameiican Philosophical Society. 

„ Franklin Institute. 

„ Wagner Free Institute of Science. 

Pisa. — Society of Natural Sciences, Tuscany. 

Quebec. — Literary and Historical Society. 

Richmond. — Virginia University. 

Rto-DE-jANEiRo. — Imperial Observatory. 

Rochester. — Geological Society of America. 

Rome.— Geological Survey of Italy. 

„ Royal Academy. 

Saint Petersburg. — Geological Commission of the Russim Empire. 

„ Imperial Academy of Sciences. 

„ Konig. Russische Mineralogische Gesellschaft. 

Salem. — American Association for the Advancement of Science. 

„ Essex Institute. 

San Francisco. — California Academy of Sciences. 

Shanghai. — China Branch of the Royal Asiatic Society. 

Sydney. — Australian Museum. 

„ Department of Mines and Agriculture, New South Wales. 

,, Geological Sjirvey of New South Wales. 

„ Linniean Society of New South Wales. 

„ Royal Society of New South Wales. 

Tokio. — Asiatic Society of Japan. 

„ Deutsche Gesellschaft ffir Natur und Volkerkumlc. 

Toronto. — Canadian Institute. 

Turin.— Royal Academy of Sciences. 

„ Royal University. 

Venice.— Royal Institute of Science. 

Vienna.— Imperial Geological Institute. 

„ Imperial Natuial History Museum. 

„ Royal Academy of Science. 

Washington. — National Academy of Sciences. 

„ Smithsonian Institution. 

„ United States Department of Agriculture. 

„ United States Geological Survey. 

„ United States Mint. 

„ United States National Museum, 

We* lington. — Colonial Museum and Geological Survey of New Zealand. 
„ New Zealand Institute. 

„ The Minister of Mines, New Zealand. 

Yokohama. — Asiatic Society of Japan. 

„ Seismological Society of Japan. 

York. — ^Yorkshire Philosophical Society. 

Zurich.— Natural History Society. 

The Governments of Bengal, Bombay, India, Madras, Perak, and Punjab. 
The Chief Commissioners of Assam, Burma, and Central Provinces. 

The Resident at Hyderabad. 
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Report on the Bhaganwala Coal Field, Salt Range, Punjab, by Tom, D, 
LaTouche, B.A., Deputy Supeyiniendcnt^ Geological Survey of 
India, ( map and 2 plates.) 

This coal-field is situated near the eastern end of the Salt-Range, on the plateau 

overlooking the village of Bhaganwala, which lies at the 
Situation of the field. range at about 10 miles to the north-cast of 

Haranpur station, on the Sind-Sagar Railway, on the right bank of the Jholum, It 
occupies a roughly triangular area, as shown in the accompanying plan, of about 7 
square miles in extent, of which only the western portion, for the most part covered 
with alluvium, and highly cultivated, can be described as a plateau, while the eastern 
portion is hilly and cut up by deep ravines. Several small villages are situated on 
the plateau, the largest being Ara, which might have given its name to the coal-Oeldj 
lying as it does in the centre of it, with more propriety than Bhaganwala. 

The area now to be described is only a small portion of the larger plateau, called 
_ , . by Mr.|Wynne in hisMemoir on the Salt-Range,^ the “ Eastern 

Plateau, which extends along the top of the range for a great 
distance towards the west, and it is quite possible that large deposits of coal may 
exist in that direction, besides those already worked at Pidh and Danclotj but so 
little has yet been done in searching the intervening ground, though indications of 
coal have been met with in several places, that this larger area may be left out of 
account at present. A zone of broken and hilly ground, due to sharp folding and 
faulting of the rocks, rising abruptly from the western edge of the alluvial flat on 
which Ara is situated, conveniently divides the cOal-field from the larger plateau on 
the west, while on the north it is bounclod by abroad and deep ravine, wliich cuts 
down into beds underlying the coal-boaring rocks. On the bouth it is bounded by 
the long line of scarp ovei looking the plains of the Jhelum valley, and extending 
for abonl 5 miles from cast to west ; and to the norih-oabt by a tract of very hilly 
country, occupied by highly inclined beds of sandstone and clay.s, higher in the 
series than the nummulitic limestone overlying the coal-beuring beds, so that the 
latter in this direction quickly become buried to an unworkable depth. 

Although it is only quite recently that a serious attempt has been made to open 

„ , . out the coal seams in this field, the fact of the existence of 

Previous notices. 1 l i_ , i t t.. 

coal here has been known for many yeais. it appears to 

have been first brought to notice by Dr. Fleming in 1853 and was reported on by 

Dr. Oldham in 1864. Dr. Oldham estimated the total quantity of coal available at 

1 6,20,000 maunds, or between 50,000 and 6o,oco tons; but there is little doubt 

that a considerable quantity of coal, which was not included by Dr. Oldham in his 

estimate, as he considered that it lay at too high an angle to be profitably worked 

at any rate below the level at which it could be reached by horizontal adits, can be 

extracted, if proper precautions are taken in opening out the mines. 

The coal of this locality is mentioned by Mr. Wynne in his Memoir on the 
Salt-Range above cited. He quotes from the report of Dr. Oldham, and gives a 
section of the coal seam and associated rocks at the point referred to above, 


» Memoiro, G. S. I, Vol. XIV, 
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where the beds lie at a considerable angle.^ He does not seem to have been 
acquainted with the coal at the other point where it is now being worked, at mine 
No. 7, where the beds are almost horizontal) though both he and Dr, Oldham state 
that the outcrop may be traced for 2 miles. Probably the outcrop of this good coal 
at No. 7 was at that time concealed by talus. 

Since the publication of Mr, Wynne’s Memoir in 1878, nothing appears to have 
been done to prove the capabilities of the field for many years, except that a 
number of holes were dug into the outcrop by native contractors, who of course 
took the coal wherever it was most easily to be got, without any regard for the 
future, and if they had been allowed to continue in that fashion, might in time have 
done irreparable damage. Some 2,000 tons is said to have been removed in this 
way. But in 1892 Mr. Luckstedt, Executive Engineer, Manager of the Dandot 
Colliery, submitted a report, in whtch the total quantity of coal was estimated at 
10 million tons, and of this 6 millions were said to be available. This estimate 
was so largely in excess of that made by Dr. Oldham, and, as pointed out by Dr, 
King, Director, Geological Survey, rested upon such slender evidence, that it was 
felt advisable, before sanctioning the expense necessary to provide belter communica* 
tiofi with the railway than the present system of pack animals, that some further 
evidence should be collected, if possible, supplemented by borings, to prove the 
existence of coal or otherwise at points where it could not be reached by drifts from 
the outcrop. Accordingly, the present detailed survey of the field was undertaken. 
While it was in progress Mr, Luckstedt furnished another report, in which the total 
amount of coal is estimated at 20 millions of tons. This report will be discussed 


further on. 

The best available map of the district, on the scale of i inch =: i mile, not being 

suflSciently detailed to allow of geological boundaries, 
Plan of the coal-field. j^^t^rops, etc., being laid down upon it with accuracy, a 

large-scale plan of the field was prepared by Mr. Dallas Edwards, Assistant Super- 
intendent, Geological Survey, during the past working season. A reduced copy of 
the plan, which was surveyed on a scale of 6 inches = i mile, is attached to this , 
report. The advantages of making such a plan as this at the same time that the 
geological survey is being carried on are obvious. The boundaries of the differ- 
ent formations and other geological features can be inserted on the plane table, as 
the survey proceeds, with an accuracy not obtainable when an enlargement from a 
small-scale map, made without any reference to geological details, is the only one 
available. 


The geological structure of the rocks is not very easy to describe, as the 
Geological atracfare. forces which have determined it appear to have acted from 
(See Sections i and 3, two Of more directions, whether simultaneously or at differ- 

ent periods, and the result is somewhat complicated. At 
the eastern end of the field the rocks are tilted up at a high angle, apparently form- 
ing the northern limb of a great anticlinal, the southern limb and crown of which 
have been removed by denudation. As we proceed westwards the anticlinal becomes 
broader and flattened, as it were, spreading out into a series of gently undulatings, 
anticlinals and synclinals, which occupy the space between the highly inclined rocks 
at Ihe southern edge of the range and the northern edge of the coal-field. Great 


» Memoirs, G. S. I, Vol ^iv, Pi. XI V, p. 138- 
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denudation has taken place, so that a deep gap has been formed between what is 
now the southern edge of the coal-field and the edge of the hills, a large area of what 
may have been productive coal-bearing beds having been removed. Although the 
rocks are seldom quite horizontal over that part of the field which has escaped 
denudation, yet they dip either to the north or south at very low angles, having 
geneially sufficient inclination to render drainage of the mines, when it shall be 
necessary, a matter of little difficulty. 

Faults are neither numerous nor of great extent in this field. Such as do 

occur are marked on the plan, and it will be seen that 
they nearly all run in a northerly direction, starting from 
the southern scarp, and soon die out, so far as can be seen, on the surface of the 
plateau. The longest can be traced for about 1,500 yards from the edge of the 
scarp, near and to the east of the Railway bungalow, and appears to have a throw 
of about 50 feet at most. This and some of the others appear rather to be very 
sharp folds accompanied by faulting, than ordinary faults, but the result is the 
same, so far as the relative position of the beds on either side of them is con- 
cerned, 

The formations which we have to deal with are very few in number, since the 

Formations represented. well-defined horizon, and the rocks 

below that horizon need not be noticed. A general 
vertical section through the beds shown on the plan is given below 


In descending order, 

Maxinmtn thickness, 
Feet, Inchcb. 

Nahan sandstones and clays, thickness variable, sometimes 


absent 

iNummutitic limestone . . . * . . . . 160 o 

Yolloiv and dark grey shales . o 

Coal *.*,..•«••* 70 

White sandstone with pebhio bands 50 o 

Olive shales and chiyb with boulders of crystalline rocks . , ao 0 

Salt pseudomorph /one, red and grey shales 


Only the lowest beds of this formation are represented in the coal-field. They 
Nahan sandstones. consist of soft grey sandstones interstratified with red or 

purple shales and clays, and with irregular pebbly bands 
from I to 8 feet or so in thickness. The composition of the beds varies 
horizontally a good deal, so that the section passed through in a boring at one 
point may be very different from that at another. The lowest beds contain pieces 
of silicified wood, also fragmentary bones and teeth, mixed with pebbles of 
quartzite and other crystalline rocks. They also contain what appear to be pebbles 
of the underlying limestone, but the latter is very nodular, and these apparent 
pebbles may be merely nodules mixed with the sandstone while it was still soft 
and not really rolled pebbles. No sign of unconformity can be detected between 
Ibe sandstones and underlying rook. The sandstones have been greatly denuded 
within the limits of the field, and often removed entirely, patches remaining here 
and there os outliers, but to the north- east of the Ara plain these patches coalesce, 
increasing to a thickness of several hundred feet, so that the underlying rocks are 
only exposed where deep ravines have cut through the whole series. 
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The scarped outcrops of limestone which form such a conspicuous feature in 
Nummulitic limestone. Salt-Range are of considerable importance as a guide 

to the position in which indications of coal should be 
looked for, because the limestone everywhere overlies the coal-bearing bed, and it 
is, indeed, to the softness of the latter, coming immediately beneath the hard lime- 
stone bands, .that the aforesaid scarps are due. As represented in this coal-field 
the limestone has lost much of the thickness and solidity which it displays further 
to the west, as at Dandot, and even within the limits of the field its thickness 
diminishes from about 160 feet on the west to less than 50 feet on the east, while 
beyond the limits of the plan it thins out entirely within no great distance, if traced 
along the outcrop. 


A Section of the limestone a.t mine No. 13 gives, in descending order 


Noduiar limcstono * • • • . 

Solid and very liard limestone , 

Nodular UmeHtona with partings of shale and clay 
Solid hard limobtona . . . , 

Nodular limestone with partings of clay , 
Nodular limcstoue with bands of shale and clay 
Solid and very hard limestone . . . 

Nodular limestone 

Nodular limestone with partings of clay and shale 
Shaly UmeiitunQ 


Total 


Feel:, IncHei, 
aboQl 20 o 

)i JS o 

*1 as o 

>,00 
» lO o 

» 36 o 

« 7 o 

ad o 
„ u 0 

.. «. o 


164 0 


The want of homogeneity in the limestone has been found to be a serious 
drawliack in the attempts made to bore through it, at any rate with the steam 
boring machine, for (hough the tool cuts through iho hard bands readily enough 
on reaching the soft clays and shales it becomes clogged, and even if any progress 
is made, fraginenls of the shale frequently fall from the sides of the hole, and 
cause the tools to become jammed, a difficulty that it has not yet been found 
possible to surmount. 

Immediately undeilying the limestone are found the coal-bearing beds, consl&t- 

Coal-bearing Iwlc, dark-bluish grey shales passing down into carbona- 

ceous shales or sandstones and coal. The maximum 
thickness of the shales is not more than 14. feet, and it is often less, a circumstance 
which is greatly in favour of mining operations here as compared with Dandot, 
where the shales above the coal reach a thickness of 40 feet. Another advantage 
hero is that a baud of hard sandstone is frequently found between the coal seam 
and the shales, affording a good roof to the workings. Beneath the coal-boaring 
beds is a strong band of white sandstone, often stained yellow or brown by oxide 
of iron, lids also frequently contains strings of carbonaceous matter, and some-* 
times pebbles and boulders of crystalline rocks. Its thickness varies a good deal 
in different parts of the field. 

The rocks which succeed this band need not be described here in detail? us 
though they alord some interesting points for discussion they have no connection 
with the subject of this report. 

of (he coal. 

The evidence so far obtained as to the distribution of the coal in this field is of 
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tvo kinds; ist, that afforded by natural outcrops; and 2nd, that afforded by the 
drifts and mines which have been put in at numerous points along the outcrop. 
Beginning at the western end of the long southern scarp, which stretches in an 
unbroken line for a distance of about 5 miles from mine 
r. Outcrop indica* JiJq. 12 to the east of mine No. i, the following sections 

may be observed : — 

Section No» I. (see Plan), Mine No. la— - 

F«t. Inches. 


Limestone (see page 18) 

Yellow shales . • 

Dark grey shales • 

Caibonaceuus sandstone 
Sandstone band • 

Coal . , . , 


about 164 o 

. a o 

. S o 

. X 9 

. o 6 

. I o 


White sandstone 


Proceeding from this point along the left bank of the ravine, the outcrop of the 
beds beneath the limestone is much concealed by talus, but where visible, the rock 
Is a coarse yellow and white sandstone, the shales apparently being absent ; nor is 
there any liace of carbonaceous matter. Where the outcrop bends shaiply to the 
east, the following section is seen : — 

Section No. II—* 

Limostono ... 

Shales ........ . about 3 feet seen. 

White sandstone much stained with iron • . . „ 40 „ 

No good section of the rocks between the liraeslone and sandstone is exposed 

along this part of the scarp up to diift No, 9, but where the shales are visible they 

are not carbonaceous. 

* 


Section No. Ill Drift No, 9— Pwt, luUiei. 

Limestone, , , « 

Carbonaceous shale • . So 

White sandstone 54 0 

Pink sandstone 18 o 

Grey shales .. ■•**•** «.* ... 


Again, between this and drift No. 8, there is much talus, but a clear section is 
exposed at the mouth of the latter drift beneath the bungalow, and close to the 
road from Ara to Bhaganwala, 


Drift No. S’"' Feci. laches. 

Limestone •ee 40 * 

Shales «•.•••«•* about 4 o 


Carbonaceous shale .«•••■*• to 
White sandstone very much stained at top • • • • ••• ... 

To the east of the road a little carbonaceous shale shows at intervals, but no 
good sections are exposed till near drift No. 7 A, In a gully about 500 feet west 
of this drift the section is— 


Section No. IV- 
Limestone 
Shales 

Ferruginous sandstone « * ^ 

Slightly carbonaceous sandstone and shale 
White sandstone k • • • 


i 




« 






Feet. Inehee, 

•Si *«s 

10 0 

o 6 

X o 
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At about 75 feet to the west of the drift the coaly stuff has increased to a feat 
4 inches, and at the mouth of the drift the section is — ' 


Drift No. 7 A — 

Limestone . . . 

Sandy marl with many bivalves 
Yellow shale • 

Dark grey shale . . 

Sandstone • . . 

Carbonaceous shale and ioal 
White sandstone . 


Feet, Inches, 
• •<« 

• * 4 

• 3 o 

7 o 

about o 6 

• 2 O 


Beyond the drift the carbonaceous band dies out again, being about i foot 6 
inches thick at 100 yards from it. The ground is then again covered by talus, 
and no good sections are seen until the spur overlooking mine No. 7 is reached. 
From tins point to mine No, 6 , a distance of about a mile and a quarter, clear sec- 
tions arc freely exposed. A photograph of this portion of the scarp is attached, 
(rlatc 11 ) which gives a good idea of its general aspect. No coal or indications of 
it are seen, however, until a point is reached about 300 yards west of mine No. 7, 
where about 2 feet of carbonaceous sandstone appears at the base cf the shales be- 
neath the limestone (Section No. V). This band of carbonaceous sandstone gradu- 
ally increases in thickness, and the proportion of coal it contains becomes more con- 
siderable up to mine No. 7, where the section is— 


Mine No. 7 
Lhnoftono , 
Shull) . , 

Snudstouti band , 
Coal , . , 

Whitt* sandstonn 


Feet, tcchea. 
about 100 o 

* 11 u 

* 0 7 

- 5 3 

* «•* 


To the east of the mine the coal thins out again, until at about 200 yards distance 
the scam is represented by a hand of grey sandstone with strings and nests of coal. 
Beyond this there are no signs of coal, or only very slight indications, for a con- 
siderahlc distance, to near drift No, 6 B. Here there is another lenticular band of 
coaly shales and sandstouc. Wlicre first seen, the coaly layer is 1 fool 3 inches 
thick, increasing to 2 feet 9 inches at about 13 yards further on, and continues with 
about the same thickness, but very irregular, to some 50 yards beyond the drift. 
Talus then covers the outcrop to near mine No. 6.*^ 

At the mouth of mine No, 6 the section la — 


Limostone 

Shalo and clay * . 1 * 

Coarao sandstone with nosts of fiMi • 
San^y coal » « . * , 

White sandstone , • « . 


Feet. Incbes, 

^ ivi 

• 8 0 

* I o 

• 40 

* ««t t«t 


* Mr. Luekstedt in his second reportspeafcs of a “line oE erosion” about 1,200 feet 
wide as occurring In the scarp between mines Nos. 7 and 6, but I could not detect anything 
of the kind, nor could I see the “ false bedding ” he mentions ia the lowest portion of the 
nummulitic Hmestonoi though I looked for it carefully, as such a structure In the lim^tonei 
considering the mode of origin of the latter, would be worth studying. 
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Beyond this again the rocks are hidden by talus, but at 450 yards from the 
mine a section is exposed*— 


Pcet« Inches, 

Section N 0. VI— * 

Limestone 

Brown clay ....•.•...3^ 

Soft sandstone with strings of coal j o 

Hard sandstone ^ . 1 a 

Soft sandstone, slightly carbonaceous . * o 10 


White sandstone . 


A little further on the whole of the rocks are concealed beneath a groat slip, 
which has covered the hill-side with a confused mass of blocks of the Nahan sand- 
stone from above. Where they appear again to the east of the slip no indications of 
coal are seen up to and upon the col dividing the drainage towards Bhaganwala 
from that into the Bunhar river ; but they appear again near the head of the ravine 
on the east. At first there are two bands of coaly stuff from 10 inches to i foot 
thick, separated by sandstone. The shales above the coaly band are of a bright red 
colour, as though they had been burnt. Continuing along the side of the lavinc the 
rocks are somewhat concealed by talus. Occasional indications of coal arc seen 
as at section No. VII, where there are 15 inches of sandy carbonaceous clay, but 
sometimes the place of the seam is taken by a pebbly band of sandstone. It then 
begins to thicken gradually to about 3 feet at mine No. 5. Here the rocks begin 
to bend over with a dip of about 30® to the north. The seam may be traccil 
continuously, and at the same time improving in quality, beyond mine No. 4> where 
the thickness is 3 feet 2 inches, down to the bottom of the ravine. At this point the 
section is— 

Mine No. 3 W- 

C Soft grey sandstone'), wcotherlug rod 
Base of Nahans J. Light green and brown marly clay 
L with nodules of limcf.iono 
Limestone, very nodular, with partings of clay . 

Limcblono with small nodules ..... 

Shelly bod 

Sandy limestone 

Yellow marly bed with selenite in cracks , . « 

Coal 

Sandstone 

Clays, light green 

Green shales with much selenite .... 

Red shales 

Dip N. 10® E. at about 30*. 


Pert, 


3 0 

so o 



7 o 
21 o 
10 o 
13 0 


The coal seam continues up the hill-side to the south with an average thickness 
of about 4 feet and down to the ravine in which mine No. 1: is situated* At the 
bottom of this ravine the section is— 


Mine No. i— 

Nahan sandstone . 
Limestone . . 

Purple shale . . 

DarIc>ooloured sandstone 
Coal . . . 

Sandstone . . 

Green claye and shales 
Red shalee . 


Pest, laches* 


... 

ao o 
2 o 
6 o 
4 6 

>6 o 
10 o 
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Half-way up the lull on the south bank of this ravine a trial drift has been put 
in, but without finding coal. The section at the mouth of the drift is— 


Section No. VlII-— 

Limestone . ■ . . 

Purple clay . _ . 

Dark-grey and white sandstone 
Slightty carbonaceous sandstone 
Carbonaceous sandstone « 

White sandstone • . . 

Greenish clays and shales . 

Red shales • • . « 


Feet. 

id 

2 

8 

2 


*5 


Inches, 

o 

o 

o 

o 

3 

o 

o 

V«f 


At the top of the hill, the furthest easterly point shown on the plan, all traces of 
coal have disappeared. It will be noticed that the limestone is very much attenu- 
ated in these latter sections, as compared with its thickness at the western end of 
the field, and at a hhort distance further east it thins out entirely. 


Section No. IX — 

Grey Nahan sandstone « . . . 

White nodular limestone , , 

Yellow Umebtone, very fossiliferous * , 

Purple ah.'vle with a band of clay at top « 

White sandstone . ■ • . • 

Red shales ...... 


Feet, Inches. 


a o 

14 o 

a o 
10 o 


« * • t « • 


Be'iides this long line of outcrop along the southern edge of the field, the 
drainage from the plateau has in more than one place cut through the formations 
above the coal-bearing beds, and we are thus enabled to form an opinion as to how 
far the coal seam extends to the north and oast, The ravines in which the beds 
are thu.s exposed are the Rai ravine, to the cast of Ara village, the Gahi ravine 
running east from the village of Dhamiala, and the Sikki ravine, which extends 
along the northern edge of the field. 

In the Rai ravine the rocks beneath the Nahan sandstones are exposed over a 
Rai ravine considerable area as an inlier» the outcrop of the coal- 

' ‘ bearing beds forming a narrow, continuous band on both 

sides of the ravine* Several good sections arc exposed, especially on the north 
bank, but on that side there are no indications of coal whatever, the place of the 
coal seam being taken by shales. On the south bank a section at the mouth of 
Drift No, 10 gives 


Feet. Inches, 

Limestone 

Grey shales ,**40 

Fertugiuoua conglomerate mixed with clay, containing qnactx 
pebbles ........20 

Wnito sandstone with strings of cool and coaly stuff lining cracks 6 o 
Fine yellow sandstone with pebbles 


At the mouth of the drift some distance further to the east^ marked Geological 
Survey Drift on the plan, which I had pul in at this point because it was opposite 
to mine No. 7 on the southern outcrop, and it was important to discover how far 
the good coal in that mine extends in a northerly direction, the section is— 


Limestone * * • 

Shales . . * 

Yellow sandstone « * 

Carbonaceous sandy shale 
White sandstone , « 


Fc«t, Incbei. 

» « *** SSS 

. about 10 o 

. . I 6 

..10 


There is no ** seam of weathered coal, 18 inches thick,” here, as stated by 
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Lucksledt, but, as is so often the case in this field, the sandstone which occupies the 
place of the coal is irregularly caibonaceous. 

In the bottom of the ravine, where the rocks dip below the level of the stream 
bed, at drift No. ii, there is no good section to be seen, both banks being more 
or less covered by talus, but just within the mouth of the diift there arc about 3 feet 
of shale at the base of the limestone, overlying sandstone, in which theie are no 
traces of coal. 

In the Gahi ravine also a small closed area of the rocks bencatli the limeslone 
Gahi ravine exposed, but with the same disappointing results, as 

^ * regards indications of coal, as in the Kai ravine. At only 

one point could I find any traces of carbonaceous matter, and I had a cutting 
made here as the outcrop was obscured by talus. At a distance of 30 feet in, this 
gives the following section 


Section No, XI— 

Limestone 

Yellow shale ....... 

Slightly carbonaceous sandy band, very irregular 
Sou white sandstone and clay , . . 

Dark'grey shales ...... 


Feet. Inches. 

fl o 

0 6 

1 6 


>*» tti 


Wherever at other places in this ravine the rocks between the limestone and the 
greenish-grey shales of the boulder bed arc exposed, they consist of yellow and pink 
sandstones, even the shales which usually occur at this horizon being absent* 

Along the southern bank of the Sikki ravine the outcrop is exposed for more 

Sikki ravine ^ coal-]>c;iring beds is generally 

^ ‘ ‘ concealed by talus from the limchione above. At one 

point there are some indications of coal, and here a drift (No. 14^ has been jiut in 
The section at its mouth is — 


Drift No, 14— 

Limustoiie . . * 

Marl «... 
CnrbonaccotiB satuhtono . 
White sandstone « • 

Booldur bed . • • 

Further to the west, near the 

sured ; — 


Feit Incite*), 


i«i 


ft 

* 


o 

4 6 

6 o 


~ ^ ^ ^ m w w ftp Vft 

•village of Sikki, the following section was mea 


Section No, X- 

Limestone • . « . 

Shales . . ■ * * 

Ferruginous sandstone • ■ 

CoMeeUd bj, ielus • 
Soft purple sandstone « , 

Pebbly band • • « « 

Yellow sandatone • , 

Boulder bod * • , . 


Feet. Inches. 

tt« ftf* 

4 o 

2 6 

6 0 

a 0 

4 <5 

6 0 


In considering the evidence afforded by the natural outcrops of the beds, as 
Conclusions to bo detailed above, it must be bome in mind that, although the 
drawn from evidence outcrop is to a great extent concealed by talus, and the 
affor ed by outcrops. evidence is therefore to a similar extent imperfect, yet it 
is seldom that an iniorval of more than a few hundred feet of talus-covered ground 
separates points at •which the beds are more or less well exposed, in the numerous 
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small gullies which fuiTow the sides of the scarps. Therefore the cumulative 
evidence derived from such a laige number of sections becomes more worthy of 
acceptance. Moreover, in those cases where good coal does occur, as at mines 
Nos, 7 and i to 3 W, it shows distinctly at the outcrop, and the seam may be 
traced almost continuously on either side of the points of greatest development, 
gradually thinning out as we recede from those points, until at last it disappears 
entirely, or is replaced by coaly stuff imbedded in sandstones or shales, Thus we 
are justified in drawing this conclusion from a study of the outcrops alone, that the 
distribution of coal is extremely inegular, and that it would be very unsafe to form 
an estimate of the quantity of coal that may exist within the area under considera- 
tion, from such evidence, taken by itself. 

The drifts that have been put in at various points along the outcrops may be 

conveniently divided into two groups, »<z., those situated 
the drifir* fbo narrow neck of coal-bcaring rocks at the eastern end 

of the field, f tom No. i to No. 7, including the drifts in 
the Rai ravine, and those situated in the western poition of the plateau, Nos. 7 A to 
12 on the southern outcrop, anti No. 14 in the Sikki ravine on the noith. 

Taking first those in the eastern portion of the field, it should be noted that 

these arc the only places from which coal of good quality 

tion’^o?oiaUfioldr procured. Drifts Nos. i to 5 are all-on a 

continuous band or seam of coal, which may be traced, as 
above described in treating of the outcrops, for a distance of nearly a mile along 
the stiike of the beds, and having an average thickness of about 4 feet. Nos. i and 

3 K are driven fiom either side of a ridge, and meet in the middle of it, having a 
total length of 1,380 {'eot. 'rhe centre pit No. 2, driven from the highest point of 
the same lidgc down the dip of the bods, meets the other two about half-way 
through the ridge, and coutiniieH beyond them to a distance of over 300 feet from 
the oulcroi). 1’hus the continuity of tho seam in this area has been fairly well 
proved. The thickness varies from 3 feet 9 inches to 7 feet, and 5 feet may be 
taken as a fair average, 

No, 3 W is driven along the strike of the bods on the bank of the ravine 
opposite No. 3 K, to a distance of about 300 feet from the outcrop, and shows the 
seam reduced in thickness from 3 feet 6 inches at tho outcrop to 2 feet 9 inches 
at the farthest point reached. A branch drift is also being put in at right angles 
to this in the direction of the dip, but it has not proceeded far, having been 
stopped for the present by water. Three feet may be taken as an average thickness 
for the coal affected by this drift. 

Nos. 4 and 5 were driven to a distance of only 100 feet from the outcrop, and 
I have no information regarding them. 

Drift No. 6 starts in about 4 foot of coaly sandstone, in which the coal and 
sandstone arc disposed in thin, allornato layers. Further in the scam becomes 
thinner, but of better quality, and at 240 feet from the outcrop there are a feet 

4 inches of good coal. 

Between this and drift No, 7 one or two drifts have been pul in at points where 
there are indications of coal, but they are now blocked up, and I have no informa- 
tion regarding them. 

Drift No. 7 was started in good coal, about 5 feet thick at the outcrop, and 
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extends in a northerly direction for about 500 feet, still in good coal of the same 
thickness. It has been opened out as a mine, and a considerable amount of coal 
has been worked out from either side of the main diift. The seam varies in 
thickness fiom 2 feet 9 inches on the west side of the main drift to between 4 and 
5 feet on the east, and a thickness of 4 feet 6 inches may be taken as an average 
throughout the area proved by it. 

In the Rai ravine three drifts have been pul in, all on the southern bank. Of 
these No, 10 extends to a distance of 180 feet from the outcrop, in the shales 
below the limestone, but without finding any traces of coal, No. 11 is driven at 
the lower end of the ravine, where the rocks are brought down by a dip of about 
20® to the level of the bottom of the valley. It extends to about 170 feet from the 
outcrop, and shows about 3 feet of shale underlaid by sandstone, in which there 
are occasional strings of coal, but no coal is found in the shales. 

In the drift between these, which I had put in at this point as being opposite 
to mine No. 7, and which extends to about 200 feet from the outcrop, a similar 
section is shown, there being some 10 feet of shales beneath the limestone, without 
a trace of coal, underlaid by sandstone in which strings of bright coal, up to an 
inch or so thick, are occasionally found. And it is evident that the seam of good 
coal 5 feet thick, in mine No. 7, must die out in this direction, as it does along the 
outcrops on either side of that mine. Mr. Luckstedt, it is true, asserts that there 
is no prospect of reaching the coal of mine No. 7 within a distance of 400 or 500 
feet from the outcrop in the Rai ravine, as, according to him, the whole of the 
southern side of the ravine is a slipped mass. But, apart from the fact that there is 
no evidence of such a general slip at that distance fiom the outcrop, even if it 
had occurred, it is inconceivable that it should have utterly destroyed the coal, and 
left the soft shales, in which the coal should be found, intact. In this drift there 
is a small fault or hitch at 1 10 feel from the mouth, bringing down the limestone, 
but the section is not affected by it; and the drift has been continued far beyond 
it, without meeting with any improvement. At drift No. 11 dmre is certainly 
no question of a slip, as the beds dip below the level at which denudation can 
have affected them, and are in an exactly similar position to that which they occupy 
further along the strike, at mine No. 3 W; and there is no reason whatever why 
the coal, if it originally existed at both these points, should have disappeared at one 
of them and remain at the other. These drifts, in my opinion, prove conclusively 
that the coal does not extend continuously from the southern outcrop to the lU^i 
ravine, but thins out somewhere in the interval j and so far from agreeing with Mr. 
Luckstedt, I say that we have as yet no evidence, and there is no reason for 
thinking that the seam extends even to within 500 feet of the mouths of drifts in 
that ravine. 

Drift No. 7 A shows near the outcrop a thickness of 2 feet 7 inches of sandy 
, coal, i.(?„ a band consisting of thin alternating layers of 

t s uj 0 p a eau. sandstone. At 70 feet in this dwindles to 

about a fool of the same atuC, then thickens again to 3 feet at the end of the drift, 
200 feet from the outcrop. 

Drift No, 8 Is now closed, but Mr. Luckstedt states that it extends for 120 feet 
from the outcrop, and that tier foot of carbonaceous sandstone exposed at the 
mouth does not improve further in. He accounts for this by saying that a fault 
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uins about 300 feet to the cast of the drift in a noJthcrly direction. The fault is 
certainly there, but 1 do not see how it could have affected the thickness of the 
coal, supposing that it was originally greater at this point. Faults are of common 
occurrence in most coal-fields, but beyond altering the lelativc positions of the 
seam on cither side of them, they have little or no effect on the thickness of the 
coal, except along the actual plane of dislocation, where the rocks are sometimes 
crushed, and I know of no instance where a seam has been affected in such a man- 
ner, at so great a distance as 300 feet from the fault, as to reduce its thickness to 
such an extent as Mr. Luckstedt imagines. 

Drift No, 9 is also now stopped up, but was apparently no more promising than 
No. 8, 

Considerable importance must be attached to tlic indications afforded by mine 
No, 12, for assuming for a moment tliat Mr, Luckstedt is correct in attributing the 
general absence of signs of a thick scam of coal along the outcrop to slipping and 
other dislocations of the strata, this is just the place where we ought to find that 
thick seam in full force. For at this spot, not only is the scarp of recent formation 
lying as it does close to the head of a small lavine in which there is a perennially 
ilowing stream of waiter, but there are no slips or faults anywhere in the vicinity, by 
vhich on his hypothosis the seam, supposing it had originally existed, could have 
been destroyed. Yet, on the one hand, in spile of the freshness of the outciop, no 
thick seam of good coal shows in it, and on the other, although the drift has been 
pushed to a distance of over 250 feet from the outcrop, nothing like a continuous 
seam of good coal has been met with. The place of the seam is occupied by a 
band of carbonaceous .sandstone and shale, varying in thickness from i foot y 
inches to about 4 feet. The sandstones usally contain thin strings of coal of good 
(liuility, sometimes thickening to a band about a foot thick, but useless as fuel, 
from the amount of foreign matter inseparable from it, Some of the so-called 
coal from this mine was tried in the engine of the steam boring machine, but it 
would not keep alight in the furnace. 

The same remarks apply to the only drift that has been put in on the northern 
side of the field, No. 14. Here also the scarp above the outcrop is not very high, 
and there aro no signs of slipping or other dislocations anywhere near the drift. 
It extends to a distance of about 2CO feet from the outcrop, always in carbonaceous 
sandstone with the strings of bright coal which are such a common feature in 
the sandstones that so frequently occupy the place of the coal seam In this field. 

It may be objected that the non-occurrence of good coal in these two drifts 
may be a mere accident, owing to an unfortunate choice of position, but seeing that 
both of them wore i)ut in where they arc solely because of the comparatively pro- 
mising indications of coal at tlio outcrop, that argument can hardly be considered 
as valid. 

If those two drifts, in conjunction with No* 7 A, 8, and 9, prove anything at all* 
they prove that a continuous seam of coal, 3 or 4 feet in thickness, does not 
underlie the whole of the plateau, -«thst is, over by fax the greater pail of the area 
coloured as productive of coal on Mr. Luckstedt’s maps ; and the conclusion 
drawn from evidence afforded by the outcrops,— o/V., that the distribution of 
coal is extremely irregular— is thus quite borne out by that of the diifts. Still, 
however, it is quite possible that coal in large quantities may exist beneath the 
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plateau, but until ils existence has been proved, it is quite out of the question to 
take such hypothetical coal into calculation, when speculating upon the total 
quantity obtainable from the field. 

I may mention here that my colleague Mr. Middlemiss, who had been rather 
sceptical as to whether any correct inferences could be drawn from a study of the 
outcrops, was convinced after seeing the two drifts, Nos. 12 and 14, of the truth of 
the conclusions I had come to regarding the irregularity of the coal scam. 

This irregularity in the distribution of the coal may be due to either of two 
Cau3e^ of irre£tularify ^^uses,— viz., either that the coal was 01 iglnally deposited in 

in distribution ot coal. ^ limited areas, Or that subsequently to the deposition of the 

coal bed over the whole area it was irregularly denuded. 
From the manner in which the seam, wherever there is good coal, can be seen 
passing horizontally into carbonaceous shales and sandstones, I am inclined to 
think thit the Brst of these causes is sulflcient to account for the facts, and that the 
coal was formed In detached pools or marshes of limited extent, the banks of which 
are represented by the barren ground intervening between the different productive 
areas, I have, moreover, not been able to find any good evidence of erosion sub- 
sequent to the deposition of the coal, except that in some cases the sandstones 
overlying it contain what appear to be fragments of coal ; and as the period follow- 
ing that in which the coal was formed seems to have been one of rather rapid 
depression, as evidenced by the appearance of the limestone at no great distance 
vertically above the coal horizon, it is likely that the beds were quickly covered 
by shales and sandstone, and were thus prolecled from denudation. 

A few obscure casts of fossils, principally gasteropods, have been found in the 

f the coal sandstone layers immodialcly above the coal at mine No. 7, 

Ago o t e coa . sulEcicnlly well pre.scrved to determine Ihc age of the 

beds, but there can be little doubt that they belong to the iinmmulltic group. It 
is remarkable, however, that the coal frequently contains specks and nests of fo.ssil 
resin, which is characteristic of the coaUs of cretaceous ago in Assam, and in that 
part of the country serves to distinguish them from the newer tertiary coals. 

Before the present investigition was undertaken, it was pointed out by the 

Director of the Geological Survey that borings would have 
Borings, plateau, to prove the existence or 

otherwise of coal beneath it ; and all that I have seen of the conditions under which 
the coal occurs has convinced me that several borings should bo made. The 
distance to be sunk in any borings made on the plateau need not be more than 
300 feet or so, and at many points would be much less, whereas ifjit is proposed to 
continue driving from the outcrop until the plateau is thoroughly proved, many 
thousands of feet of barren rock may have to be passed through, before any coal is 
struck ; and on the score of expense alone it seems to me that a serious effort 
should be made to carry out those borings at any rale which have been started 
daring the past six months, down to the coal horizon. Two of these wore partly 
sunk with the aid of the steam boring machine belonging to the Geological Survey, 
which does its work excellently so long as hard and homogeneous rocks have to be 
passed dirough, ihc average rate of progress being about 3 feet per hour in the sand- 
stone, and over 1 foot per hour in the hard limestone. But the latter contains 
bands of soft shale and clay, which it has been hitherto found impossible to bore 
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available. 


coal 


through with the machine. These borings are being proceeded with by hand, as 
the soft beds present no obstacle to that method, but in the harder limestone bands 
progress is exticraely slow. A third boring is being sunk by the aid of the 
machine, and so far has proceeded satisfactoiily, but it remains to be seen whether 
similar soft b.mds will be met with, as in the other two borings.* 

In making an estimate of the quantity of coal obtainable fiom the Bhaganwala 
field, the foiegoing consideiations will have shown that we 
arc justified an taking into account only those areas in 
which the existence of workable coal has been actually 
piovcd, and it will be noticed that these are just the areas in which good coal 
appears at the outcrop, via., along the scarp from mines Nos. 1 to 5, at No. 6 , and 
No. 7. In no other in.slance has any of the drifts proved the existence of good 
coal, nor have the indications of its presence at the outcrop been found to improve 
further in. As fur as regards the areas above lefcrred to, 1 have satisfied myself 
that Mr, Luekstedt's figures, as given in his second report, are reliable, and I 
calculate the available quantity of coal as follows ; — 

0 ) Mines Nos. i, 2, and 3 E, 


These may be taken together, as they are practically one and the same mine. 

Estimated aveiage ihicknoss of seam . s S feet. 

Area actually proved , , . . ss 384,000 square feet. 


Quauliiy of coal ss 384,000 x 5 

' ' 64,000 tons. 

30 

To this may be added, nccording to the depth, measured along the dip, to which 
the mines can be w«rke<l, for each 60 feet in that direction, or an addition of 
96,000 square feet to the area, 

96,000 x 5 

=: 16,000 Ions. 

30 

Supposing, for instance, that it is found feasible to work the mine to a depth 
of about 2,000 feci along the dip, below the bottom of the ravines on either side. 
And I think that such a depth would be quite practicable, for it is not likely that any 
great innux of water wouhl bo met with, considering the climate of the locality. 


• Stneo the above was written, this boring, No. 4 on the plan, was stopped, as fat 
as the machine was ooncerned, i>y a soft layer in the limestone at a depth of 150 feet from 
the surface. About 43 feet of limestone had then been bored through, and I calculated 
that about 70 feet more remained before the coal*bearing bed would be reached. Should It 
be found impowiblotocarry any of these borings down to the coal boriaon, I recommend 
that one or more shaftb should be sunk, say, ebso to borings Nos. 3 and 4. Theso would no 
doubt cost more than the drilts per loot, but probably not much more, and the distance to 
be passed through to order to settle the question of the existence of coal beneath the plateau 
would be so very much less In the case of shafts than in that of drifts from the outcrop, that 
the cost of the former would be a more trifie as compared with that of the drifts, Moreover! 
la case good coal is found beneath the plateau, shafts will have to be sunk in order to ventilate 
the mines* so that the expenditure on them will not have been wasted. 
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Assuming-, then, that the coal retains its thickness to that depth, we should 
have a total quantity of about 600,000 tons of coal available from this mine alone. 

(ii) Mine No. 3 W— 

Estimated average thickness of seam • . . , «>3 feet. 

Area actually proved *64,800 square feet. 

Quantity of coal 6,480 tons. 

It is a question how far the seam extends along the strike beyond the area 
proved, since where the beds are again exposed in that direction, in the Rai ravine, 
they contain no coal, but it may be assumed that it continues to at least 1,000 feet 
from the mouth of the mine. This would give for every 60 feet of depth, measured 
as before, along the dip, an additional area of 60,000 square feet, 

or, *6,000 tons of coal. 

Assuming, as before, tliat the coal extends to a depth of 2,000 feet along the dip, 
and that it can be worked to that depth, this would give a total of 200,000 tons. 

Adding the portion which it may be assumed can be worked out along the 
strike beyond the area actually proved, i.e,, over an area of 240,000 square feet* 
which gives— 


340,000x3 

30 


*24,000 tons 


we get a total of about 230,000 tons of coal available from this mine. 

(Hi) Mines Nos. 4, 5, and 6. 

These mines have not yet been opened out sufficiently to furnish any reliable 
data on which an estimate can be founded ; besides which Nos. 4 and 5 are so 
much closer to what appears to be the original limit of the basin in which the coal 
was formed, as to render any speculation, regarding the distance to which the coal 
may extend from the outcrop, extremely hazardous ; while No. 6 appears to be 
in a small detached basin, very little of which has been actually proved to contaiu 
good coal. 

(tv) Mine No 7 — 

Estimated average thickness of Seam . • « • *==>4 feet 6 inches. 

Area actually proved 120,000 square feet. 

Quantity of coal proved *d 2 ^^, , . , . «i8, 000 tons, 

Here again it is not known how far the seam extends in a northerly direction, as 
it does not appear in the sections exposed in the Rai ravine, at a distance of 3,750 
feet from the mouth of the mine ; nor is it known how far it extends laterally on eiier 
side of the area proved. Assuming, however, that it extends half-way towards the 
Rat ravine, with an average breadth of 500 feet, an area of 817,500 square feet will 
be added to that already proved, which gives — 

-122,625 tons. 

Adding the amount actually proved, we have in round numbers 140,000 tons 
available from this mine. 

Adding together the whole of these amounts, it appears that 88,480 tons of coal 
have been actually proved, and that a reasonable estimate of the coal obtainable 
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from the three mines referred to gives a grand total of 970,000 tons, or, say, one 
million tons, of coal. Fiom this amount quite 35 per cent, should be deducted 
to allow for waste, on account of the frequent interbedding of the coal with thin 
layers of sandstone, and of the remainder a large prop ortion will be slack coal ; but 
this, it is stated, can be sold at a profit. 

The conditions under which the coal is found, as regards roof and floor, and 
^ . thickness of the seam, aie such that nearly the whole of 

the amount estimated above should be easy of extraction, 
under a proper system of mining, and except at the eastern end of tlie field, and 
that only when the mining is carried below a certain depth, no pumping will be 
required to drain the mines. On the whole I consider that though the quantity of 
coal estimated for is by no means proved, yet there is a reasonable piospcct of suffi- 
cient coal being obtainable, and under favourable conditions, as to make it quite 
worth while to improve the existing communications with the railway at Haranpur 
in the manner detailed in Mr. Luckstedt’s reports. 

It will be seen from the foregoing that my estimate of the coal available differs 

Mr.Luctolcdf, report,. formed by Mr. Lacistedt. whose 

estimate amounts to 20 million tons ; the reason being that 
I cannot agree with him in inciuding the very large area coloured as coal-bear- 
ing on his map, until some more decided evidence than is at present at our dis- 
posal can be brought forward to justify the inclusion of that area. Mr, Luckstedt 
begins his argument by asserting that “ it is a mining axiom lliat a coal seam cannot 
abruptly vanish, and that the continuation of a seam that has been worked up to the 
bounthuy of a district may be safely assumed.” Where Mr, Luckstedt got this 
“ axiom” from I do not know, but from the use of the word “ district,” I suspect that 
it refers entirely to the conditions under which scams of coal occur in England, 
where coal estates arc divided into districts, and it may be presumed that where coal 
bus liccn proved in adjoining estates and districts that it will be continuous between 
tlicm. But the scams in the coal-fields of this country are not os a rule sc con- 
tinuous in thitkness for great distances as they are in the coal-fields of England, 
and numerous examples might be cited, even in fields of Gondwana age, where the 
seams do thin out from a workable thickness to one of a few inches or so, if not 
abruptly, using the word in its strict sense, yet within a few yards. And in fields 
of nummulitic ago, such as this of Bhaganwala, the thinning out of seams, just as 
they arc seen to do licic, is the rule ratlicr than the exception. 1 have seen it in 
the Jammu coal-field, in those of the Khasia Hills in Assam, and even the enor- 
mously thick scams of Upper Assam are not continuous for anything like the 
distance to which the rocks, in which they occur, extend. 

Mr. Luckstedt says again that, if the seams ^ere deposited in detached basins, 
we should have signs of the approach to the edge of such basins in the appeotauce 
of littoral deposits containittg pebbles, in line with the coal scams. But it is not 
at all necessary th at such deposits should coniaia pebbles j in fact, considering iho 
conditions under which the coal was formed, it is hardly likely that pebbles would 
cccur. Their presence would depend on the distance of the nearest hills, in which 
solid rocks capable of being formed into pebbles occurred, and supposing that 
the cool was formed under some such conditions as at present exist in Sylhet, and 
the Sunderbunds, the absence of pebbles is easily accounted for. But the replace- 
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ment of the coal seam by sandstones and shales, as so frequently happens here, 
is precisely what we should expect if the coal had been formed under some such 
conditions as I have supposed, and is in itself an indication that it was laid down 
in pools or marshes of limited area. 

The “ axiom ” quoted by Mr, Luckstedt is, he says, *' based on the laws of sedi- 
mentation, by which coal and its associated shales can only be deposited during a 
prolonged period of great quiescence.” However true this may be of the continu- 
ous seams to which the “ axiom ” refers, the facts of the case here seem to point in 
the opposite direction, pfs., that the period of coal formation with which we are 
dealing was one of rather rapid change. Within a thickness of less than 50 feet of 
strata, we have several diflicrent rock bands, each of which denotes a more or less 
abrupt change of conditions, and a glance at the sections given above will show 
that each of these bands varies greatly in thickness at diflerenl points. First we 
have the boulder bed, denoting the presence at no great distance of rocky hills with 
rapid torrents descending from them ; then the white sandstones, showing that the 
hills were at a greater distance, though the occasional presence of strings and beds 
of large boulders, imbedded in the sandstone, shows that the area was not beyond 
the reach of torrents. After this the coal beds and shales, winch were probably 
deposited on a flat plain, far removed from any hills, with frequent depressions or 
marshy spaces in which an abundant vegetation grew, and traversed by sluggish 
streams unable to move anything but the finest sand and silt. Lastly, the whole 
was submerged beneath the waters of the sea, the sudden alteration from shales to 
limestone showing that the depression was rapid. I can hardly imagine a case in 
which the evidences of a rapid change of conditions could be more clear. 

It would be waste of lime to criticise seriously Mr. Luckstedt’s geological rea- 
soning, if it were not that its introduction into his reports gives them an air of 
plau.sibility, which might impose on those whose acquaintance with geology is slight. 
To lake one or two instances in which his reasoning miglit be modilied by a little 
more study. lie evidently thinks that a geological basin” has some connection 
necessarily with the present configuration of the country, as where lie fuiys that 
“ the Bhaganwala field lies at the south-west limit of a well-defined geological basin, 
of which the Salt-Range, the outer Ilimala^as, the Jholura and the Indus form the 
boundaries.” These mountains and rivers have nothing to do with the limits of the 
basin, which, as a matter of fact, extends far beyond them. Then, again, he says, 
"The (proving of the) existence of coal is a work of purely geological character 
. To search for coal among rocks the age of which was not known 
would of course be fruitless.” Does he think that it was necessary that the age of 
the coal measures in Bengal, for instance, should be determined before the exist- 
ence of coal there was proved, or that three hundred years ago the geological age 
of the strata about Newcastle and Bristol, from which " sea coal ** was sent to 
JLondon, was known ? Or is it possible that he is labouring under the now ancient 
delusion that all coal seams are of one and the same geological age? Supposing, 
as might have been the case, that none of the coal seams in Bengal appeared 
anywhere at the surface, but that the geological age of the rocks had been ascer- 
tained by other evidence, that knowledge would of itself have prmnted any search 
for coal being made in those rocks. For at the time the Bengal coal-fields were 
being Opened out, no other coal-bearing strata of that particular age were known. 
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The fact is that geology has nothing lo do with the existence of coal at all. 
There way be several millions of tons of coal lying beneath the plateau at Ara_ hot if 
it is not theie ; no “ mining axioms,” or geological reasoning, good or bad, will p:* it 
there. Its existence can only be proved by a rigorous search, and I have already 
stated my reasons for thinking that this search can best be carried out by me ns of 
borings or shafts. Mr. Luckstedt, assuming the existence of a 4-feet seam of coal 
over the whole area, thinks that borings will be of little use, and, of course, if that 
assumption were correct, there would be no object in making them, since the depth 
of the seam from the surface at any point could be calculated /rom the observed 
dips, in case it was required lo sink shafts for mining purposes. 

Finally, supposing that the amount of coal obtainable from the mines at the 
eastern end of the field is even half only of what I have estimated above, it will take 
some 20 years, with a regular output of 2,000 tons a month, before it is all worked 
out; and the expenditure necessary to construct a branch lino from Haran^-ir would 
be amply justified. In the meanwhile there is pleniy of time to carry out a thorough 
search on the platoau, and if a large area of coal is found there, the output can be 
enormously increased, without fear of the coal-field becoming exhausted for many 
years to come. 


— ♦ 

GEOLOGICAL SURVEY OF INDIA DEPARTMENT. 
TRI.MONTHLV NOTES. 

No. 18.— Endino 31.ST January 1894. 


Direcjgfis Ofice, Calcutta^ jfst January 18^4, 

In November last, a slight modification of the disposition list of the Staff became 
necessary owing to an urgent call for inspection of the collieries in the Salt-Range 
and at Warora, where the percentage of accidents was considered excessive. The 
newly-appointed Inspector of Mines for India not having then arrived, it was judged 
expedient to depute Dr. Noetling for this work, he having had the necessary expe- 
rience at Lhin-beddcd coal on the Continent. lie has reported since on the Dandot 
and lihaganwalla Collieries, and is now at Warora. 

a. Mr. James Grundy, the Inspector of Mines, reported his arrival at Calcutta 
on the r4th December, and was placed with the Director of the Geological Survey, 
tlirough whom he communicates with the Government of India, After some 
necessary delay in arranging procedure and interviewing the Calcutta Agents of 
several Mining Concerns, he left early in January, and entered on the examination 
of the Bengal coal mines. 

3, The Director proceeded on tour in Burma on the aSth of December, and 
returned to headquarters on the stst of January, He visited the Thingadaw coal* 
field, and the auriferous tract of Wnntho. At the Thingadaw coal-field, which is 
worked at present by an incline colliery at Letkobin, the various coal outcrops were 
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examined under the guidance of Mr, T. H. Ward, the Agent and Manager. There arc 
two kinds of coal which appear to belong to two separate members of the Chindwin 
series, the lower and better coal occupying a rather restricted area at Letkobin and 
Kesobin, but the further extensions of this group will have to be explored by 
boring, primarily between those places and the Irrawaddi bank; while it is not 
improbable but that larger areas of the same measuies may be tapped over a con- 
siderable extent of this part of the Irrawaddi tract, though at some depth, as the 
country is opened up in the pi ogress of coal development. At present, however, 
progress is considerably handicapped, if not on the eve of being retarded for a time, 
by the laying down of coal from Bengal in the Rangoon maiket, the present low 
price of which would undoubtedly be raised were the Burma development so 
restiicted. In other words, it would almost appear as if a ring had been formed in 
the Rangoon market to choke off the Burma output of coal, at a price which cannot 
for long be profitably kept so low as now rules, 

4. The Wuntho region is undoubtedly auriferous to a certain extent, having 
been worked by surface washings in a fitful manner for a long time past, but its 
development in any such productive way as has lately been prophesied, is entirely 
dependent on a more prominent occurrence of vein or reef matrix than has been 
met tvith so far : the matrix exhibited up to the present time being merely a sporadic 
occurrence of small and discontinuous strings and narrow ledges of auriferous and 
pyrilous quartz in which thwe is some free gold, among strongly and deeply weathered 
schists. Exploration and some prosi^Kicting have been made, but these arc still only 
ill an initial stage : no large reefs are yet known, and the few indications of increase in 
the size of the veins met with point to a decrease in their gold-bearing aspect. 

5. Ju.sl at the close of the last three months, an enquiry which is full of promise 
of most interesting geological rcauUs is being taken up by the Survey in connection 
with the gigani ic landslip which took place in Garhwal last September ; and Mr. 
Holland baa boon deputed for this work. As yet there ia only a dcmi-ollicial account 
of the occurrence from the Public Woika Department of the North-West Provinces, 
but it is as well to record now what is known of it from the very interesting 
memorandum given by Colonel R. R. Pulford, R.E., Superintending Engineer 
znd Circle, Provincial Works, Xucknow, who visited the scene of what he has 
designated as the “ Gohna Slip.'* 

6. It appears that the site of this debacle is up the valley of the Bihri Ganga, a 
tributary of the Alaknanda, some 80 miles over mountain and valley, due north 
of Naini Tal. The bed of the river is about 5,000 feet, and the hill on the right 
bank, from which the mass fell, has a height of about 9,000 feet above sea-lcvel. 
On the 2 and of September, a tremendous mass of rock material was detached, 
leaving an almost perpendicular section of hill face 4>ooo feet high. The force of 
the fail carried the rocks and dihrie from the right bank, right across the valley 
of the river and half-way up the steeply scarped hill on the left bank ; after 
which tlie mass settled down again in the river bed forming a dam with a big aloixj 
up against the hill on tlie left bank ; the consequence being that there is now an 
appearance as if a portion of the dam had been formed by a big slip from the 
steeply scarped hill of this side of the valley also. Farther slips which took place 
during heavy rain in October have piled up ie dam on the right bank against the 
hill on that side, so that the top of the dam has a large depression in the centre 



PART I.] 


Tri-monthly Notes. 


3 S 


some 150 feel or more, bclwcon two sloping mounds of rocks and smaller dehrh. 
The dam itself is a very massive affair, being largely composed of enormous masses 
of rock, some of which are calculated to be more than a thousand tons in 
•weight. There is, in addition, a very large admixture of smaller detritus and 
broken rock, and a thick layer of impalpable powder which gives the whole place 
the character of being covered with white clay dust, which Colonel Pulford likens 
to the country about Vesuvius after an eruption. The dam may be taken 
roughly to be 900 feet high, a, 000 feet broad at the lop, and 1,100 feet at base along 
the valley, and 3,000 feet long at top, and 600 feet at bottom across the vall^. 
The bed of the river slopes at about 250 feet in the mile ; and the depth of water 
in the newly-formed lake on the 13th and 14th December was 450 feet, the water 
then rising at the rale of 8 inches a day, though the flow of water iu the mountain 
rivers was then at its slackest. Colonel Pulford writes as follows, on the probable 
future rise of water and the ultimate condition of the dam 

” The present amount of water running into the lake is roughly about 260 cubic 
feet per second. During the winter rains there will be the addition due to a 12 
inches fall over 84 square miles, which is the area drained by the river above the dam- 
The increase due to the snow-melting may be put at 2,120 cubic feet per second. 

“ Taking these several additional sources of supply into account, there seems 
every leason to suppose that the rise of water in the lake will be as follows 
“Area of lake at present equals roughly i square mile— 

“(«r) Rainfall of 12 inches over 84 square miles — 5,28o®x i X84 cubic feet, 
which for one square mile of lake gives a rise of 84 feet. 

“0) In addition to rainfall there will be rise due to the picsent rate of inflow 
of, say, 8 inches per day up to dale of snow beginning to melt, say, ust April 
1894. Up to that date, therefore, the rise in lake due to ordinary inflow 
will bo 8 inches x no days =s 73 feet. Up to ist April 1894, therefore, 
the total rise will be 84 foot -f 73 feci = 157 feet, ledvinga margin 
of 350 — 157 M 193 feet from water-level to top of dam. Now the rate 
of rise due to snow-water influx will be eight times that due to the 
present ordinary flow of the river, since the floodmarks show that 
during snow-melting (as above staled) the river flow is 2,120 cubic 
feet per second, whilst present flow is 260 cubic feet per second. This, 
it is seen, gives a rise of 8 inches daily ; and hence the rise to snow- 
melting may be put at 8 x 8 inches = 64 inches, or as the area of the 
lake will be increasing and slopes of hillside arc about 35®, we may put 
this rise at 48 inches, or 4 feet per diem. Ilcncc it will require -J* 
(lays aa 48 days after ist April 1894 for the lake water to rise to the 
lop of the dam. The date of this event may therefore be placed at 
about the middle of May 1894. As to what will take place when the water 
passes over the dam, it is difficult to speak with any approach to 
certainty. The first rush of water will necessarily be very severe, and 
I think that at least 250 feet or so of the dam at the top will gradually 
be carried away. After that it may possibly happen that the main 
portion of the dam will get thoroughly jammed and consolidated 
together so as to form a permanent lake with a natural outfall over the 
big rocks forming the dam.'' 
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Colonel Pulford also adds an account of a previous occurrence of the like 
kind : — 

“A few years ago a very heavy flood was caused in the same river Birhi Ganga 
and Alaknunda by a heavy landslip falling into a lake which had been formed 
some 8 or 9 miles higher up the valley than the present slip. The lake was 
called Gndyar Tal, and had been in existence for many years ; probably it had 
been formed originally by a similar slip to the one at Gohna. The result of the 
heavy slip falling into the lake was that the entire basin was fdled up ami the water 
forced over the dam which held it up down into the bed of the stream, This 
occurred in 1869 during the rains, and the results were very disastrous. A large 
number of pilgrims and others were drowned, and the lower part of Srinagar Bazar 
was washed away, and the lower end of Nand Pryag bridge was washed away. In 
addition the bridge at Chamoli, wnich is la miles below Gohna, w.\s destroyed. 
Many of the bridges now up were not erected at the time of this heavy flood. 
They toll me that all trace of the former lake has been obliterated, and the channel 
is now very much like the other watercourses near it,” 


Rtst of Assays and Examinations made in the Lahoraiory^ Geological 
Survey of India^ during the months of Novemher and December 
and January 


« 

SyasTANCP. 

Kor wliom. 

Remit. 

Ooo epoctmen of coke • 

II. Mack f nn, Ih'nK'.U Coal 
Co*, Ctxlrutla. 

PiojiiiiMto ati ilv'iis will) CiiloiKic powet and 
sutphut (U'laini nation. 

Odo flpecimen of quartz 
flchisl witb lion pytites. 

1*', T. VliKNIfR * . 

Assayed foi gold. 

Ono specimen of cblotHe 
schist wth copper pyrites. 

Kitnu UN & Co,, Calcutta, 

Analysed foi copper. 

One specimen of quartz 
with iron pyrites. 

11. C. Millsk, Distiict 
Engineer, E, L K,, 
llowiah. 

Assayed for gold. 

One specimen of coal, from 
japan. 

n, Maclgoi^ Bengal Coal 
j Co«, Ld«, Calcutta* 

Prozimate analysis with caloiific power. 

One specimen of coal, irom 
the Kamnagor quairy, 
Carakar. 

MaHASANI IIAKA StlKQRl 

Davi, Stfatsule, Rnjbati. 

Proximate analyua with caloiiRc power. 

Ono specimen of coamo 
river sand ronslsting 
chiefly of quorU, spinel, 
camel, mognoUe iron, 
bits of Slate, and mica. 

Balmrr, Law&ib & Co., 
Calcutta, 

Assayed for gold. 

One specimen of quartz, 
with non pyrites, from 
the ** l^es Keef,” Pahar* 
diah. 

A, MRavvK»SMTTH, Oiient- 
al Ppospectinii Syndicate, 
Ld., CakutUi, 

Assayed for gold. 
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List of Assay's and Examinations made in the Laboraforyy Geological 
Survey oj IndiOy during the months of November and December iSgj 
and Jauitafy contd. 


SoBSiANru. 

^ Fot whom. 

Result. 

A {ipcrimcn fiom Uiebed of 
the Atiai Kivei , JoyRatij, 
Dimajpur Distnct, Bupyo^- 
ed to ue peal. 

W. C. Macpiifrson, 
I.C.s.jOfiicidting Dhertor 
Department of Land 
Roroids and Agiicultute, 
Ucngal. 

Quantity received^ tslbs. 

Moisture . , . 2o‘ofi 

Volalilft matter, exclusive 
of moisture . » yo’id 

Fixed cat bon • . j o*u(5 

Ash .... 39*73 



loo’oo 

Does not cake. 

Abh, reddish brown. 

Onc<inecimcn of **Rl.inkct 
bands," and one apcvimcn 
of quaitz with chloiito 
schist and iicm pyritcsi 
from ChoU NaRporc, 

A. MrcRVVN-SMITH, Orient- 
al Piospocting Syndicate, 
Ld,, Calcutta, 

j 

Assayed for gold. 

One specimen of coal • 

GiLLANDtfRS, ARnUTHNOTji 
& Co,, Calcutta. 

Proximate analysis with calorific power 
andbulphm determination. 

A specimen found in the 
(larhwni District, supx 
pfised to bo molylidouitu 
OF bteinlicigUe, 

\V. R. PARTRID(?rr, i.e.s., 
Dcprrly Comtntbsionor, 
Gaihwal, 

Carbonaceous shale (graphitic). 

A sperimen of limen-te 
er>stft1s finm (Uiaiiuiha, 
supposed to he manjiani* 

fcMOUS, 

1 

A. W. Walkbb, Chaibasa, 
Singblium. 

Tested for manganese. 

A sneeimen ** from an old 
nU (in the tinnsitmos) 
Nnwanaif.iti, .SIhnoi 

Talisd, Rowali Slate, 
close fo lich ii on-ores" 
lor indication of any other 
u vtai. 

P. N. Rosr, Geological 
Survey of India, 

Tmited for gold— contains none. 

i 

1 

Two specimens foi examina- 
tion. 

S. R. Ross, Geologist to 
the Nopal Government, 
Nepal. 

= Iron pyrites, and artificial glass. 

A packet of ** stones found 
m an old ruby mine neai 
Papun, Salween District, 
Tenashenm," tor report. 

ITarwv L. TitLY, Secre- 
tary to the Financial 
Cemtnibsioncr, But ina. 

Small fragments of spinels and garnets of 
kinds often found associated with nthies, 
and as often not so found. In tiremselves 
they indicate nothing of value. 

Specimens from the Kar Imr* 
bail coal'Goid, fur oxa" 
minatiun. 

W. Saish, Manager, F. I. 
R. Co.*s. CoUiericfi, Kar- 
harbari^ Giririth. 

Kaiharbari Coal-field, 
Fine-grainerl olivtno dolorJto. 

Karha/fhari coal-field, Inifmiw Lmer 
Seam — Dyke Nn. $ or Jogitand dyke of 
liugkoe b^motrs. Geological Surety cf 
India, Vd,yjl, 239» 



Biotite ampUiboIc perrdotite. 



8oo ft. above main seam. 



Olivine dol elite. 



JRemigang coal-field. 



Calcareous and micaceous sandstone. 
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List of Assays and Examinations made in the Lahotatory^ Geological 
Survey of India ^ during the months of November and December 1803 


and Januaiy /(S’p^’-ronld. 



Result. 


West 0/ Tekkttlkoia, Bellamy Taluq. 

ybb Sluie ngq. 

Giey tork approximating granite in com" 
noaition, but quait/ and felspar crystals 
liavc^ been smashed into a schistose 
mosaic with producLion of fine niyionitic 
stt ucture. S. G. a’GB. 

From (t ‘*necki*’ Deiowruffuddu Id. 
Falls of Kuhta, Ratrkur Doab, 

Slide I s^. 

Quart? and folspai in felsitic base, which 
has turned red by oxidation of the iion. 
S, G, a“S2. 

Blaclhill, West of Maski, RaUlmr Doab, 

bJIt bUdeiigg. 

Didtito with largo poiphyiitic crystals of 
hornblende. Rock considctabiy altered 
with futiuation ol epidotc. S. G. yoz. 

inlier South ofMannr, Bellary Taluq. 

HOB Slide tzoo, 

Qunrtr-dioiitc. Quartz in port sorondaiy, 
clem gianules.nkiaolini^ea felspais some 
at least plagioclase. Green hoinblende 
and a green pleochiolr mica, sphene in 
considerable quanlity. Iron ores as mag’ 
nctic gianules, S.' G. 3*81. 

Near Yemmigafaer, Bellary Taluq, 

b!o ao 3-t53. Slide mt, 

Quarla-diorite Felspars highly kaolintred, 
Itpidote in small quantities. Gieen 
hoinblende and a chloriiic mineiol ; 
magnetite piactically absent. S. G. 2*83. 

mu. South of Kurmol Dkiriet. 

3<htt-S8, Slide i202i 

Granulite with qiiaitz, orlhodase, pleo- 
cbroic mica, hoinblende, sphonc and 
plagloclnsc. Flne>giainod gtaniilar, in 
places gianitic in atiucture. S. G. 2*67. 

Tornagal Hill, Hospeit Taluq, Bellary, 

4?* 

Hornblende granite with porphyrltic crystals 
of orthodase. S. G. 2*71, 

South of Nilgunda, Harapanahalli Taluq, 
Beilary. 

4 3s 17 “^ ^ 9 ' 

Pyroxenite approaching cucritc. S. G. 

3'32. 
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List of Assays and Examinations made in the Laboratory^ Geological 
Sufvey of indtay during the months oj November and December iSgj 
and January iSg^ — contd. 


NCE. 



Result. 


YenkaiampalHy fi mtles eoni of UravakttH’' 
da Guh 7 aluq, Anantapur. 

♦{It 

Fine-fCiaincd diorite approaching aphanite. 
S. G. 3’o7. 

ISudkalpeniay Souik^Sasi Valleyy SanduTp 
Bellary. 

tSj 20-3^6m Slide ifig, 

Aphanite. S. G. 3*05. 

Souih-Wesi of Uravahonda, Guti Taluqy 
Ananiapur. 

23 »i- 8 s> Slide 1214. 

Lai^ rounded cnstals of orthoclase and 
plagioclaac embedded in a miciogianitic 
afrgregato of quartz, (elspat, hoinblende 
and occasional sphenes. S. G. 2*69. 

Dyke Easi of Uparhallpy Hoapett Taltiqy 
Biliary. 

tSt 3 'S'S 6 . Slide taiS. 

AugilC’dioi ite, (ine-grained. Identical with 
tnany of tlio daik-colouied dykes ol 
boutnern India. S. G. 3*03. 

Darofe, llospeti Taluqy Seliaty* 

^.4-85. Slide Ut 6 , 

Aphanite, with highly kaolinized, potpliyiilie 
ciystals of lolspar. S. G. 3*19. 

Dfvadura spur, Sandur Hills, Bellary. 
ill. SS-S-se. Slide 1234, 

Rock composed principally of quartr and 
folspar, some of the latter being plagto« 
clastic. Micrographic intergiowtns ate 
common. Brown patches of iron oxide 
occuiring in large quantities may be the 
icmains of some ori^nal fciio*magnesiao 
silicate } calcite has been formed ui faiily 
Idige quantities. Isolated ciystals of 
pyrites. S. G. 2'do. 

South of Huritta, Haddgalli, Bellary, 
16-4-86, Slide mS. 

Mici o*granttUtic s^gregato of quaitr, felspar, 
hornolcndo, garnet, and possibly some 
other mincims. Banding displayed. 
Natme of original rock unknown. S. G. 
a*94‘ 

Ralakandi Pass, Bellary, 

tIi 26-1-86. Slide J2o6, 

Augite*andesite*olivine-frM basalt. Crys* 
taU of colourless augite and plvgto> 
clase set in a dne'grained matrix of 
magnetite, angite felspar, and possibly 
idtreous material. S. G. 3*03. 
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List of A<isays and Examinations made in the Lahofatory^ Geological 
Survey of Inditty during the months of November and December iSpy 
and January contd. 


SUBSlANCa. 


For whom. 


Result. 


West df Halahandi, Bellary, 

SUdt iao7> 

Hornblende schist. 

West hy South of Yettan Budihalf Bel- 
lary, 

,jJ^. 2t-i'86. Slide tsoS. 

Epidioiile, Large ciystals of green horn- 
blende in miciogranular malnicof quaiis 
and felspar with gianular sphene, (?)t utile 
magnetite and colouiless (r) augitc. S. G. 
3 *<)b. 

KangattaHill, East of Seringapatam Id f 
Mysore. 

ts-^-37. Slide niT. 

DioiUo-fclsito : felsitic base with poiphvritic 
mjstalsof plagiockse, hornblende (par- 
lUlly conveitcd to epidote and chlorite), 
sphunu and magnetite. S. O. s'da. 

Ram Drug, Abtr Talukt Bellary, 
at-t-87. Slide 1213 , 

lloinhlcndcogianitite with'&phene and plco« 
r hi 01c mica. S. G. I a'oo. 

Verupur Hill, Biliary Taluq, 

tSb. rS'12'87, Slide rsjS. 

Augilc-syenile, Augttes meen and slightly 
pleochruic with l>o<»btende. Con- 

sideiable quantities of plagioUase 
amongst the smaller crastals^ hence ap- 
ptoaches a dionte. S. G. 3 ‘ 8 i. 

Close to road brivieen PermadavanhalH 
Bungalom and yoladarathif Bellary 
2 aluq. 

and Slides' t2!0, tsar, raaa 

Blotchy ^ diorile.” Highly decomposed 
poiphyritic dioriie in which rpidote* 
calrite, cbloiite, kaolin and quartz have 
been formed as secondaiy tnlneiala. 


S. G. of ^f5 3*03; S.G. of 379. 

Specific gravity necessatily vatiable In 
difterent specimens. 

Mudikalpeniat South-East Vall^t Sandur, 
BcUary, 


S0 3 -S 6 , Slide J220, 

Decomposed aphanite. S. G* 3'03» 

5 eutJ!i of Nilgunda, Uarapanakallit Teduq 
Bellary, 

«|7* 17-12^9. Slide J233* 

Pyroxenite, approaching eucrita. 
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List of dissays and Rxaminatiom made in the Laboratory^ Geological 
Sufvey of India, during the months of November and December iSgj 
and January conUl. 




Hornblende decidedly the most abundant 
constituent, fleochroismy JV^yellowish- 
green, jj « giasa screen jC»“blue green, 
FlagiocUsc in zoned crystals is the next 
most abundant niincial. Biuhte, quartz^ 
magnetite and sphene in smallei quant!* 
ties. Epidote and calcite occur as the rc* 
suit of secondary altoiation.HiDioiite. 

Note.— T he biotlte in all four of the above 
tcpcks shows the same kind ol greenish 
plcochioisra, Ihe diflerences in mineral 
composition might easily be obtained in 
rocks derived ttom the same magma at 
different periods of consolidation. 

from oHtGf marein of the “rrof-fieW,” 
Gwajzha defile, 

The^ main mass of the rock resembles an 
epidiuiite or a rock foimed as the result 
ot decomposition and slight ci ushing of 
I), the plagioclasc-fclspar crystals arc 
highly kaolinizcdj but still snow their 
lamellar twinning. 1 he hutnbiendc and 
biotite have contiibutcd to the formation 
of diloiite, but fragments of the onginat 
mineials still pi eseive their optical char* 
aitcis sufllriently for recognition. But 
there ate slicaks and patches of biown 
material with small gianular aoglbes and 
m.ignettles in a fine*patned gtoundmass 
like that of a basaltic andcHilc« and the 
patches being veiy ill defined they sug- 
gest partial ie>fnsion of the inck in some 
mannor not explainable iioin the hand 
specimen alone. Veins of calrito and 

g ianular quoitz have been pioduied since 
le above changes took place in the lock. 

f.— from ilic Miter margin of ihe 
hand,** Gmjaha dfile. 

Development of pislacite (epidote) in a rock 
similar to D. oi E. Calcite and granular 
quailz have developed also astho result 
of serondaiy action with the epidote, 
Acirulat actinotitOi magnetite, etc., occur 
as lotics of the original rock. S. G. 3 *id. 

Gt'^From margin of ** Tras-helif* GwaR 
aha defile. 

Highly ciushed aggr^teof quartz, fels* 
par and biotite with small quantities of 
magnetite. Some of the felspar is ortho* 
clastic and the rock might very well be 
simply a crushed form of a type either 
identii^l with or closely related to A. 
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List of Assays and Examinations made in tt>e Laboratory^ Geological 
Survey of India ^ during the months of November and December 
and January — contd, 


Substance, 


For whom. 


Result, 


II.-^From tkf margin of iho*' Trap~belit* 
Gwajaha defile. 

A l)rccdat<^ and crushed miciojjranltic rock 
approaching A in composition but very 
much mote finely gtained. Fcriucrtnous 
material cementing the (lagments. Ciacks 
pioduccd 5tM(p btoccialion andeementa' 
tion have been in-fiUed with calcito. 

I.-^Frohn margin of ** TraP‘ieliN Gaetf 
aha Affile. 

Diotitc oontaining patches of fine-grained 
rock like those in E. Kpidote occurs in 
small quantity. The lock seems identical 
with E, and it must have been in this tock 
that the spidote of F was pioduccd . 

L* — Margin of “ Trap-boli and Gviajsha 
pass, 

Gtanulai aggregate of plagiod.'isc^ (?)oi- 
thoclasc, quaitz, magnetite and a decom- 
posed loiro-magnesian silicate, piobably 
biotitc; Origin ol lOck doubtful, probably 
igneous. 

K.~~'From margin oj “ Trap-belt,** GwaJ- 
aha defile. 

Finely laminated and decomposed rock, 
pnitsiblv orginally sttniUi to L. 

M. —Ffow margin of ** Trap^beltf* GwaJ- 

aha difile. 

Foliated variety of D, E, or I, Now In the 
form of a hoi nblonde-schtst. 

N. -—From grit- beds Norih-'Sast margin to 
the Khiaafa Amran mass^of igTteous 
rocks. 

A composite grit in which the grains are 
cemented and available crevices in-filled 
with calcitc. Grains imperfectly rounded; 
many of them seem, however, to have 
been attacked by the infiltrated caibonate 
of lime, or to have been deformed by pres- 
sure. The minerals and rocks aro of 
comparalivoly low specific gravity— avera- 
ging about a’fis; ana isolated fragments of 
heavy minerals aio absent. Quartz ftag- 
monts with bands of inclusions like those 
Of plutonic rocks aro common and might 
of course have bocn derived fiom any 
granite or quartz bearing crystalline rock. 
Fragments of plagiomasc,^ orthoclnse, 
felspar occur as jsolatod grains ; but most 
of the felspar occur as consfituents of 
rock fragments, Flakes of biotite are 
mostly changed in part to chlorite. 
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Lisi^ of Assays and Examinaiiom made in the Labor atofy^ Geological 
Survey oj India, duriny^the mouths of November and December i8c^j 
and 'fanuaty - conttl 


SUB&f^NCH. 


For whom. 




Rt'SuIt. 


Of the rock fragments there are fairly fresh 
specimens of a rhyolite with bipyramidal 
and coi roded quaiif crystals, a consider* 
able amount of plagtoclase amongst the 
felspathiu constituents, and colom less and 
coloured mica^ in a felsitic or vitreous 
matrix showing distinct fiow-sti uctures 
and imperfect sphcralitic and axiolitic 
aggregations of miciolitcs. A rock of this 
type might very well baa volcanic repre- 
sentative of the granitita A. 1 here are 
also liagmenta^ of andesites, bits pf 
dioiites with similar developments of 
opidote, raie pieces of granophyre (micio* 
graphic intci growths of quartz and 
felspar) ; but nothing disUnctly basic in 
character I in fact tlie gnt seems com- 
posed of fragments of the locks A to M, 
togclhei with pieces of volcanic origin, 
possibly I epresentati ve of that set ies. 

Ot-^From ihe volcanic yrii»heds Norths 
hani of ths Kimaja Amran mass. 

Ihe fragments aie sub-angular to rounded 
as in ihe fotmer case; but although 
calf itch again present in infilling cracks, 
the cementing material is much more 
fentiginous in chat actor and some of tins 
grannies appeal to bo feiruginous clay 
with Clocks infilled with calclte liko 
minute septarian nodules.. Whilst gianules 
of qunitz arc present in this giit it ix 
by no means so plentiful as in the case of 
N, and the rock granules are moreovui 
almost wholly of thedioritic series with con- 
sideiable display of epidote. The aver- 
age specific gravity of the fiagments is 
3 * 71 , and thus as might be expected heavier 
than those of N. Some of these are dis- 
tinctly foliated. 

P, -~Fnm the sAofey portion of ihe grit’ 
beds N trlh‘Bast portion of the Khwaja 
Amran mass. 

Compact mass of calcareous clay snth 
minute quart; grains. 

Q. ->^Nummulitie limestone close to the 
base of '^Kosah ” jJiafM, neo/t Spinihha. 

(Not further examined). 

X.-~-Fromthe **trappoid^' beds in ihe 
Chehilfan range, JVost of Quetta, 

Small fiagments of quartz, quarlzttCi and 
intermediate igneous rocks (dioiiles and 
andesites) j limestone and mica-plales are 
cemented with argillaceous material. 
Crac^ are filled with calcite which hax 
infiltrated into all available crevices. 
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Notifications by the Governmeut of India during the months of November 
and December i8g^ and January 18^4, published in the Gazette 
of India/^ Part II, — Leave. 


Department, 

1 

No. of oidet 
and date. 

Name of ofBcer* 

Nature of 
leave. 

With clTect 
fiom 

Date of 
teturn* 

Remarks. 

Revenue anti Agri- 
cultutai Depart' 
ment. 

No. dated 

24II1 Novem- 
ber 1893. 

W. H. D.Fdwards. 
Assistant Super- 
intendent, Geo- 
logical Suivey. 

Fuilough 
on Rledi- 
' cal Cei ti- 
ficate. 

4th Nov- 
ember 
1893. 

••• 

— 


Annual increments to graded officers sanctioned by the Government of 
India during November and December i8gg and January i8g4. 


Name of OfCcei. 

Fiom 

To 

i 

With effect 
from 

•T " -I-— , 

1 

No, and d.ite 
of sanction. 

Remarks. 

Dr._F. Noctllng, Palasontolo- 
gist, Geulogiuil Survey. 

700 

7 S 0 

ist 0( tober 
1893. 

Revenue and Agri- 
cultural Dapait- 

inonl No. 

dated 8Lh Nov- 
cinbei 1893. 


C. S, MIddlomiss, Deputy 
Supeilnlendont, Geological 
Survey, 

660 

700 

ist Novcnibei 
1893. 

1 

! 

Revenue and Agri- 
cultural Deparl- 

1 nicnl No. 

dated 22nd Nov- 
emhei 189V 

1 


Notifications by the Government of India during the months of November 
and December i8gj and January iBg4^ published in the Gazette of 
India/' Part Appointment^ Confinnation^ Promotion^ Reversion 
and Retirement. 


Dej^artmeot, 

No. of 
Older and 
date. 

Name of 
Officer. 

Fiom 

To 

Natuieof 
appoint- 
moat, etc. 

With 

effect 

from 

1 

£ 

Revenue and 
Agrioiltoral 
Department. 

dated 12 th 

January 

1894. 

Dr, H. 
Wmtb. 

OIHciating 
Su pet Intend- 
ent, Gov- 
ernment 
Ccntial 
Museum, 
Madras* 

Depttly Ru- 
porintond- 
ent, Geolo- 
gical Su^ 
vcy. 

Subi-tanlive, 

psimaneni. 

^ 1 

4th De- 
cember 

1893. 
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Postal and Telegraphic Addresses of Officers. 


Name of Officer* 



‘Postal address. 

Nearest Telegraph Office. 

T, W, n. IlOGHES . 

• « 

• 

i 

On fuilough. 




C* I- Griesbacji 

• « 

• 

• 

Loralai 

t 

• 

Loralai. 

R,D. Oldham 

• • 

• 


On furlough. 




P, N. Bobe * 

t « 

* 

• 

Rftwa . 

« 


Rowa. 

T. II. D. L\Touchb 

* • 

* 

* 

Sukkur . 

« 

■ 

Sukkui, 

C. S. MiDuiLMtaA . 

* « 


« 

]alaipct 

% 

• 

Jalarpet. 

W. B, I), Fuwards 

• * 

* 

• 

On fuilough. 




P. N. Datta . 

• 4 


t 

Bhandaia 

■ 

• 

Bhanilara. 

F.H. Smith . 

* * 

* 

• 

Ilainai . 

* 

■ 

Ilatnai. 

F. Nortling . 

• * 



Calcutta . 

■ 

• 

Calrutta. 

lllRA LAL 

• • 

* 

« 

Calcutta . 

• 

• ' 

Calcutta. 

KiBiiEN Singh . 

■ * 

• 

• 

n.abar K.ich 

« 


Uabar Kach. 
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Donations to the Museum. 


DONATIONS TO THE MUSEUM. 

From ist Novrmber 1893 to 31ST January 1894.. 

A small specimen of quartz, from the Elephant Rocks, Shevaroy Hills, Salem District! 
Madras. " 

Presented by the District Forest Opricer, Salem. 

A block of ste.'itilc, from the Marble Rocks, Jubbulpore; and another from Kanheri 
Village, Bhandara District, Central Provinces. 

Presented by the Officiating Reporter, Economic Products to the 

Government op India. 

Hercynile, in small fragments, from Chinnamalai, Erode Taluk, Coimbatore District. 
Presented by H. Warth, Ofi-iciating Superintendent, Government 

Central Museum, Madras, 

A cut specimen of fine-grained sandy shale, and two of fine-grained sandstones, from 
Indrajurba, near the Damuda River, Ilaziaribagh District. 

Presented by N. Belletty. 

Two large pieces of Columbite ; a large block shewing junction of very coarse mica 
granite with mica schist ; and decomposed iron ore, from the Dattoo Mines, Panna- 
nore Hill, Nawadih, East Indian Railway, 

Presented by H. H. French. 

A specimen of quartz, with iron pyrites .and gold, flora tlie “ Rees Reef,” Pahardiah, 
Chota Nagpore. 

PRE.SCNTEI) BY T. F. VeRNBR. 

Large specimens of Pumice, from Cardaintim Island, Laccadivost 

Presented by Surgeon-Captain A. W. Alcock, M.B. 


ADpbTlONS TO THIS IdBRARY. 

From ist October to 3isr December 1893, 

TiiUs of Books* DoHOfs, 

Aguilera, Jose fr., and Ordonez, E’/.egtiiel.---Daios para la Goologia de Mexico. 

8® Pam, Tacubaya, 1893. The Authors. 

Blacrfnhorn, Dr, Max . — Boitiiigc zur Gcologio Syriens die Entwickelung des 
Kreidesystems in Mitlcl-und Nord-Syrion. 4® Casscl, i8go, 

Boyd, R. /V',— Coal Pits and Pitmen. 8® London, 1892. 

Bronn’s Klassen und Ordnungen dcs Thicr-Rolchs, Band III, lief. 3-6 and Supple- 
ment lief, X } Band VI, Abth, IV, Hof. 46-49, and Abth, V, lief. 40-41. 
8® Leipzig, 1893. 

Casariego, a Enrigne Abella P‘,— *Descripclon Fisica, Gcologica y minora en 
Bosquejo dc la Isla Uc Panay* 8® Manila, 1890. The Author. 
CooKB, Josiah F,— Elements of Chemical Physics. 8° London, 1886, 

CoTTBAU, Pbron and Gauthier,— Echinides Fossiles de L'Algcrie. Fasc, 6-9 
4® Paris, 1880-1883. 

Dall, William Healey * — Republicalion of Conrad’s Fossils of the Medial Terliaiy 
of the United States. 8® Philadelphia, 1893. 
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TiiUsi of Books. Donors, 

Dana, J. P.—The System of Mineralogy. 6th Edition. 8° London, 1892. 

Daubrbe, ^.—Application do la M^thode experimentale au Role Possible des Gai 
Souterrains dans V Histoire des Montagnes Volcaniques. 8® Pam. 
Paris, 1892. 

Ethbridoe, Fossils of the British Islands. Vol. I. Palaeozoic. 4° Oxford 

1888. 

Gardner, J. 5.— Iron work from the earliest times to the end of the Mediaeval period* 
8° London, 1893. 

Gbikib, yamcs.— Fnigraents of Earth Lore. 8® Edinburgh, 1893. 

Geirie, Sir drc/ii'firtW,— Text Book of Geology. 3rd Edition. 8® London, 1893, 
Hobrnes, Dr. Erdbebenkunde. S'* Leipzig, 1893, 

Kayser, Dr, jEwawttcL— Lchrbuch der Geologie, Part 2. 8° Stuttgart, 1S93, 
Lojwinson— Lb&sino, F,— Tables for the determination of the Rock Forming Minerals. 
8° London, 1B93. 

Lunqe, a Theoretical and Practical Treatise on the Manufacture of Sulphu- 

ric Acid and Alkali, with the Collateral Branches. Vols, I-III. 
8° London, 189I. 

Martin, iT.— Berichl uber Eino Reise Nach Niederlandisch West-Indien und Oarauf 
Gegriindete Studicn. Vols. I &C II, 8® Leiden, 1887-1888. 

„ Niederloendische und Nordwestdeulsche Scdimentoergeschicbe Ihre Ue« 
bcrcinalimmung Gemeins-chaftliche Herkunft und Pclrefacten. 8® 
Leiden, 1878. 

Milne, Earthquakes and other Earth Movements. 3rd Edition. 8® London, 

1893. 

Murray, J. A. //.—A new English Diaionary on historical principles. Part VII, 
4® Oxford, 1893. 

Muskhketoh, if.— a Geological and Orognaphical description of Turkestan. 8® 
St. Petersburg, 1886. 

PBTER.S, F.Z)— Modern Anienc.in Molhods of Copper Smelting, 5th Edition. 8® New 
York, 

PiiiLiPPSON, Dr* yl,— Dor Peloponno.s. Abth, I & IL 8® Berlin, 1891-1892. 

PoSBWiTK, Dr. Tlu'Oihr,- -Borneo. 8® Berlin, i88y, 

Rbybr, Dr. E . — Theoretisrhe Geologic. 8® Stuttgart, 1888. 

Romanopsky,— -N otes on the Geology of Turkesban. Vols. II & III, 4® St, Petersburg, 
1884 8c 1B90, 

Sawyer, A. B — Miscellaneoris Accidents in Mines. 8® Lrndon, 1889. 

Scott, Altaander.-^hn Introduction to Chemical Theory, 8® London, 1886. 

Thorpe, T* F.— A Dictionary of Applied Chemistry. Vol. Ill, 8® London, 1893. 
Williams, IF. Jl/.— 'the Chemistry of Iron and Stecl-makmg and their practical uses, 
8® London, i8go. 

ZiTTBL, Karl Handbuch dcr Paheontologic. Band IV, Abth. I, lief. a. 8® Miinchen, 

1893- 


PERIODICALS, SERIALS, Etc. 

American Geologist. Vol. XI, Nos 4-6, and XU, Nos. i-a. 8® Minneapolis, 1893, 
American Journal of Science. Vol. XLVI, Nos. 273-275, 8® New Haven, 1893. 
American Naturalist. Vol. XXVII, Nos. 320-322. 8® Philadelphia, 1893. 

Annalen der Physik und Chemle, N^ue Folgc, Band L, heft, 2.3. 8® Leipzig, 1893. 

z 
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Additions to the Library. 


’// He J of Books Don oes. 

Amiales do Gdologic ct de PaMonlologie. 4® Palermo, 1893, 

Annals and Magazine of Natural Hiatoiy. Vol XII, Nos. 70-72. 8° London, 1893. 
Athonjcum Nos 3438-3450. 4® London, 1893. 

Ueiblattcr zu den Annalen dor Physik und.Chemic. Band XVII, Nos, 8-10. 8“ Leipzig, 
1893. 

Chemical News. Vol. LXVIII, Nos. 1764*1776. 4° London, 1893, 

Colliei y Guardian. Vol. LXVl, Nos. 1707-1719. Fol. London, 1893. 

Geological Magazine. New Series, Decade III., Vol. X, Nos, 9-12. 8° London, 1893. 
Indian Engineering. Vol. XIV, Nos. 13-26, Fisc, Calcutta, 1893. ^ Pat. DoYLb- 
Industries and Iron. Vol. XV, Nos. 1079-togi. 4® London, 1893. 

Jourmil of Geology. Vol. I, Nos. 1-4. 8® Chicago, 1893, 

London, Edinburgh and Dublin Philosophical Magazine and Journal of Science. Vol. 

XXXVI, Nos. 221-223. 8° London, 1893, 

Mining Journal. Vol. LXIII, Nos. 3029-3041. Fol. London, 1893. 

Natural Science. Vol. 11 , No, 15 to III, No. 19. 8® London, 1893. 

Natuie, Vol. XLVIII, No. 1246 to XLIX, No. 1258. 4® London, 1893. 

Neues Jahrbuch fur Mincralogio, Geologic und Palaeontologie. Band U, heft. 2-3. 8® 
Stuttgart, 1893. 

Oil and Colourman's Journal. Vol. XI V, Nos, 138-160, 4° London, 1893, 

Petermann's Geographischcr Mittheilungcn. Band XXXIX, Nos. 9-1 r, 4" Gotha, 

Thb Editor. 

Scientific American. Vol, LXIX, Nos. 10-22. Fol. New York, 1893. 

Scientific Americ.'in, Supplement. Vol. XXXVI, Nos. 922 - 934 * Fol. New York, 1893* 
The In(li.in Engineer, Vol. XVII, No. 337 to XVIII, No. 350. 4® Calcutta, 1893. 

J. MacIntyre. 

The Piunt’or. New Series, 1st Edition, October to December 1893. Fol, Allahabad, 
1893. 

Zc itschrift fiir Kiystalhigraphie und Mincrologie. By P. Groth. Band/XXIl, heft. 2-3* 
8“ Leipzig, £893, 


. GOVERNMENT SELECTIONS. REPORTS, Ere. 

BfcNOAi,.— -Ruport on the Agiiculturc of the District of Cuttack. Fisc. Calcutta, 1893. 

BenctAl Govbrnment. 

Bombay.— Brief Sketch of the Meteorology of the Bombay Presidency for 1892-93. 
Fisc. Bombay, 1893. 

Metborolooicai. Resobter to Bombay Government. 

Selections from the Records of the Bombay Government. New Series, Nos, 
271.372, Fisc. Bombay, 1893. Bombay Governmemi. 

Ini»ia— Census of India, 1891. Report on the Census of Coorg, and Vols. XUI’-XV 
containing Report on the Census of Madra*i, with Tables. Fisc. Calcutta, 1893* 

RfcVBKOE and AoRK'ULTDRAL DBPARTMLNI. 

Ilistorv of Services of Officers holding gazetted appointments in the flomr, 
" Foreign, Revenue and Agricultural, and Legislative Dcpaitmenls, 

corrected to ist July 1893* S® Calcutta, 1893. 

Governi^bnt ot Indja. 
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Tiihs of BooliS. Donors. 

India. — List of Officers in the Survey and other Scientific and Minor Departments sub- 
ordinate to the Government of India in the Revenue and Agricultural 
Department, corrected to ist July 1893. 8° Calcutta, 1893. 

Government op India. 

„ Quarterly Indian Army List. New Scries, No. 17. 8° Calcutta, 1893. 

Government op India. 

„ Selections from the Records of the Government of India, Foreign Dep.irtmcnl. 

Nos. 27, 30, 39, 63, 79, and 104 ; 301 and 303—304. 8° Fisc. Cal- 
'culta, 1859, 1861, 1863, 1870, 1873, and 1893. 

Government op India. 

„ Selections from the Records of the Government of India, Public Works Depart- 
ment, Nos. 251 — 253, and 264, Fisc. Calcutta, 1889-1890. 

Government op India 

„ Indian Meteorological Memoirs. Vol. IV, part 8, and V, pt. 3. 4® Calcutta, 
1893. 

Meteorological Reporter to Government op India. 
„ Monthly Weather Review for May to July 1893. 4° Calcutta, 1893. 

Meteorological Reporter to Government op India. 
„ Register of Original Observations, reduced and corrected. May to July 1893. 
4" Calcutta, 1893. 

Meteorological Reporter to Government op India. 


TRANSACTIONS, PROCEEDINGS, ETC., OF SOCIETIE.S, SURVEYS, ETC. 

Batavia. — Dagh-Rcgistcr gehonden int Enslrel Batavia vant passcrendo dacr ter 
plaetse als over gehecl Ncdcrlandis-India, Anno >(564. Van J. A. 
Van Dor Chijs. 8*^ ILatavia, 1893. Batavian Socip/jy. 

„ Notulen van bet Uataviaasch Oenfmtj.chap van Kunsten on WcUmsebappen. 

Duel XXXI, Afl. 2. 8^ Ralavia, 1893. Batavian .Society. 

„ Tijdschrifl voorlndischeTnal-Land-en Vollcunkundo. Dccl XXXVI, All. 

6. 8® Batavia, 1893. Batavian Society. 

Berlin.— Jahrbuch der Koniglich Proussischen (Jeologischen Landcsan-stalt und Borga- 
kademioEu Berlin fur 1891. Band XU. 8® Berlin, 1893, 

The Institute. 

„ Sitrungsberichte dor KSniglich Prous.si3chen Akadcmie dor Wissonsch.nfton 
zu Berlin. Nos. l — 24. 8® Berlin, 1893, The Academy. 

n Verhandlungen der Gcsollschaft fiir Erdkunde zu Berlin. Band I— XIX, and 
XX, Nos. 1-7. 8* Berlin, 1875—1893. 

1, Zoitschrift der Dqulschcn Geologischen Gasellschaft. Band XLV, heft. 2. 8® 
Berlin, 1893. German Geological Society. 

Bombay.— Journal of the Bombay Natural History Society. Vol. VIII, No. a. 8® 
Bombay, 1893. Twb Society. 

Boston,— Proceedings of the American Academy of Arts and Sciences. New Series, 
• Vol. XIX, 8® Boston, 1893. . The Academy. 

Brisbane. — Proceedings and Transactions of the Queensland Branch of the Royal Geo- 
graphical Society of Australasia. Vol, VIII. 8® Brisbane, 1893, 

• The Society. 
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Adih'itons to the Library, 


Titles of Books. * Donoi's. 

Brisbane.— Proceedings ot the Royal Society of Queensland. Vol. IX. S'* Brisbane, 
1893. Thb Society. 

Brussels.— Bulletin dc la Socidtd Royale Beige de Geographic. Anned XVII, Nos* 
i»3. 8" Bruxelles, 1893. The Society. 

„ Annales dc la Socidld Royalc Malacologique de Belgique. Tome XV, fasc. 

II, and Tome XXVI. 8° Btuxclles, 1893. The Society. 

„ Proces-V^erbaux des Sdances dc la Socidtfe Royale Malacologique de Bel- 

gique. Tome XX, pages 57-112, and XXI, pages i-66. 8“ Bruxelles, 
1891-1892. The Society. 

Budapest,— Gcologisclio Milthcilungcn Zeilschrift dor Ungarlschen Geologischen 
Gescllsthalt. Band XXII, Nos. i-io. 8° Budapest, 1892. 

Hungarian Geological Institute. 

„ Jahrcsbcricht dcr Konigllch Ungar. Geologischen Anstalt fur 1890. 8* 
Budapest, 1892. Hungarian Geological Institute. 

„ Millhoilungen aus dem Jahrbuche der Koniglich Ungarischen Anstalt. 
Band X, heft. i*8, 8® Budapest, 1893. 

Hungarian Geological Institute. 

CAEN.—Bulletin de la SociiStd Linndenne de Normandie. 4th Series, Vol. VH, fasc. i-ji. 

8" Caen, 1893, Tub Society. 

Calcutta.— Journal of the Asiatic Society of Beng.al. New Series, Vol. LXH, Part I, 
No. 3» nnd Part II, No. 3. 8® (Jalcutta, 1803. The Society. 

,, Proceedings of the Asiatic Society of Bengal, Nos. 8—9, 8® Calcutta, 
1803. Tub Society. • 

„ Prorecdlngj. and Journal of the Agricultural and Horticultural Society of 
India for July to September 1893. B® Calcutta, 1893, 

The Society. 

„ Survey of India Department Notes for September and October 1893. 

Flac, C.alcutta, 1893. Survey or India Department. 

Cambridge, Ma.s.s.— Bulletin of tho Museum of Comparative Zoology, Vol. XVI, 
No. 14* XXIV, No. 7j and XXV, No i. 8 ° Cambridge, Mass, 
1803. Museum. 

„ Memoirs of the Museum of Comparative Zoology. Vol. XIV, 

No. 3. 4® Cambridge, Mass, 1893. The Museum. 

„ Memoirs of the American Academy of Arts and Sciences. Vol. 

XU, Ko, I. 8® Cambridge, Mass, 1893, The Academy, 

CA.ssEL.-Bcricht des Vereins fur Naturkundezu Kassel. No. 38. 8® Kassel, 1892, 

The Society. 

Cincinnati.— Journal of the Cincinnati Society of Natural History. Vol, XV, Nos, 3-4. 

nnd XVI, lUo, i. 8® Cincinnati, 1893. * Tub Society, 

Dijon.— Mdmoircs de L'Academie des Sciences, Arts, et Belles-Lettres dc Dijon 
4th Series, Tome> III. S® Dijon, 1892. The Academy. 

Dresden,— SitEungsberichle and Abhandlungen dor Naturwissenschaftlichen Go- 
scllscliaft Isis in Dresden. Jahrg, 1893. January to June, 8® 
Dresden, 1893. Society. 

Dublin.— P roceedings of the Royal Irish Academy, 3rd Series, Vol. II, Nos. 4-5. 8® 
Dublin, 1893. • The Academy. 
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TiiUs of Books. Donors. 

Dubun. — R eport of the Director of the Science and Art Museum, Dublin, on the 
Museum of the Royal Botanic Gardens and Metropolitan School of 
Art for 1892. 8° Dublin, 1893, The Museum. 

„ The Mineralogical, Geological and Palaeontological collections in the 
Science and Art Museum, Dublin. 8° Dublin, 1893. 

The Museum. 

Edinbuboh,— Scottish Geographical Magazine. Vol. IX, Nos. 9— n. 8” Edinburgh, 
1893. Scottish Geograpiiical Society. 

„ Transactions of the Edinburgh Geological Society. Vol. VI, pi. 5. 8° 
Edinburgh, 1893. The Society. 

GdTTiNOBN.— Nachrichten von der KOiniglichen Gcsellschaft der Wissenchaften. 

Nos. II— 14. 8“ Gottingen, 1893. The Society. 

HAtt-B.— Abhandlungen der Naturforschenden Gcsellschaft *u Halle, Band XVII, 
heft. 3-4, and XVIII, heft, i, 8® Halle, 1893. The Society. 

„ Bcricht uber die Silzungen der Naturforschenden Gcsellschaft zu Halle in den 
jahre, 1888-1891. 8® Halle, 1893. The Society, 

Hamilton.— Journal and Proceedings of the Hamilton Association for Session 1892-93, 
No. IX, 8° Hamilton, 1893. The Association. 

Lausanne.— Bulletin de la SocifiU Vaudoise des Sciences Naturclles. 3“* scrie., Vol. 

XXIX, Nos. iio-iii, 8® Lausanne, 1893. The Society. 

Leipzig.— Berichle der Naturforschenden Gcsellschaft. Band VII, hefl. t-2, 8® 

Leipzig, 1893 The Society. 

LifeGB.— Annalcs do la Soci^ld Gcologique de Belgique. Tome XIX, livr. 3, and XX 
livr. I. 8® Li6go, 1893. The Society. 

London.— Journal of the Chemical Society. Nos. 370 .itid 372. 8® London, 1893. 

„ Journal of tlio Iron and Stool Institute. Vol. XLIII, No, i, .iiul t.ist ol Mem- 
bers for 1893. 8" I.oiidon, 1893. The Institute. 

„ Journal of the Linnean Society. Zoology, Vol. XX IV, Nos. 152-134, and 
Botany, XXIX, Nos. 202— 3 o.|. With List of Fcllowh for i'«92-93, 
8* London, 1893, Tub Sootpty. 

„ Transactions of the Linnean Society of Ixmdon. and Series, Botany, Vol, III. 

part 8, and Zoology, Vol. V, parts 8-10* With List of Bellows (or 
1892-93. 4** London, 1893. The Society. 

„ Journal of tlie Society of Arts. Vol. XLl, No. 2129 to Vol. XI.H, No. 

3142. 8® London, 1893. The Society. 

„ Mineralogical Magazine and Jotirnal of the Mineralogical Society. Vol. X, 
No. 46. 8* London, 1893. 

„ Philosophical Trans-actions of the Royal Society of London. Vol. 183, A 
and B. With of Fellows, 4® London, 1S93. Tna Society* 

„ Proceedings of the Royal Society, London. Vol LU, Nos. 320—325. 8 
London, 1893. The Society. 

, Quarterly Journal of the Geological Society. Vol XLIX, No igd, and 
List of Fellows on 1st November 1893. 8® London, 1893. 

The Society. 

„ Supplementary Papers of the Royal Geographical Society of London. 

Vols, I, II, III, pts. 1-4, and IV. 8® London, 1886, 1889, 1890, 189a 
and 1893. The SociBry * 
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Adiitttotts to the Library. 


Titles of Books, Donats. 

Lokdon.— The Gcogiaphical Journal, Vol. II, Nos. 3~5. 8® London, 1893, 

Royal Gboorafhigal Society. 
„ Proceedings of the Zoological Society of London. Parts 2-3, 8° London, 

1893. The Society. 

„ Transactions of tho Zoological Society of London. Vol. XIH, No. 7. 

4,® I.ondon, 1893. The Society. 

Lyow.— Ai chives du Museum d’Histoire Naturelle de Lyon. Tome V. 8* Lyon, 

1892. The Museum. 
Madrid. — Bolelin do la Sociedad Geografica de Madrid. Tome XXXV, Nos. 1—3. 

8°J Madrid, 1893. The Society. 

Manchbsti’R. — M craciirs and Proceedings of the Manchester Literary and Philosophi- 
cal Society. 4th Series, Vol. VII, Nos. 2—3. 8° Manchester, 1893. 

The Society. 

„ Transactions of the Manchester Geological Society. Vol. XXII, 

part 12. 8® Manchester, 1893. The Society. 

Melbournp — Special Reports of the Department of Mines, Victoria, being Notes on 
samples of rock collected in the 180 Mines at Bendigo. Rise. Melbourne, 

1893. Department of Mines, Victoria. 

„ Special Reports of tho Department of Mines, Victoria, on the Victorian 

Coal-Fields. Fisc. Melbourne, 1893. 

Department or Mines, Victoria. 
Naples.- A tti della Rcalc Accademia dcllc Scienze Fisichc c Matematichc. 2a 
sdric, Vol. V. 4** Naples, 1893. The Academy. 

„ RondiconU) dell’ Act.ndemia delle Scienze Fisiche e Matematichc. aa s^rie, 
Vol. VU, f.asc. 6—7, 4® Napoli, 1893. The Academy. 

Nlwcastli:-upoN"Tyni« -Transactions of the Noith of England Institute of Mining 
and Mechanical Engineers.. Vol. XLII, parts a-3. 8® Ncwcastle-upon- 
Tyne, 1893, The Institute, 

New York.— Annals of tho Now York Academy of Sciences, Vol. VU, Nos. i— g. 

8® New York, 1893. The Academy, 

Ottav/ A.— Geological Survey of Canada. Catalogue of a atratigraphic.'il collection of 
Canadian Rocks prepared for the Columbian exposition, Chicago, 
1893. 8® Ottawa, 1893. The Survey. 

Geological Survey of Canada. Catalogue of Section one of the Museum 
of Geological Survey, 8® Ottawa, 1893. The Survey. 

Proceedings and Transactions of the Royal Society of Canada for the year 
1892. Vol. X. 4® Ottawa, 1S93. The Society. 

Oxford —Catalogue of Books .added to the Radcliflo Library, Oxford University 
Museum, during 1892. 8® Pam. Oxford, 1893, The Museum* 

Paris,— Annales des Minos. 9*** soric, Tome III, llvr. 4—8. 8® Paris, 

Department or Mines, Paris. 

Bulletin do la Socidld de Geographic, 3”" serie, Tome XX, Nos. 5-7, and 
XXI, No, 1 1 and 7“* serie, Tome XIV, Nos. i-a. 8" Paris, 1893. 

The Society. 

Comptes Rendus des Seances de la Socidtd de Geographie, Nos. 14-13. 8® 
Paris, 1893. The Society. 
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Part 4.] 1894. [November. 


I^oie on the Geology of Wuntho in Upper Burma, hy Fritz Noetling, 
Ph.D., F. G. S., ValxontologUt^ Geological Survey of India^ with a 
map^ 

Geographical features , — ^The area described in the following pages comprises 
part of the Wuntho sub-division of the Katha district in Upper Burma, It extends, 
roughly speaking, between Htygaing on the Irrawaddi, and the Mu valley j in its 
ea.stern part only low hills rise from the surrounding plains, but in its western part 
the large massive of the Maingthong bills form a tract of approximately 75 miles in 
length. 

The Maingthong hills, which I partly examined begin near Lat. 23° 45' and Long* 
90® 2o' near the junction of the Daungyu Choung with the Mu river. From this 
point the hills extend in a nearly northerly direction, the tract widening out gradual- 
ly till it reaches its greatest breadth of 30 to 35 miles near Lat. 24® 5', 

It may be said to bo limited by the broad valleys of the Hu and its tributary the 
Nam-Maw in the west, but its eastern boundary is less sharply defined. In the 
soul hern part the broad Wuntho valley forms the boundary, but further towards 
north the low hills to east come quite close up to the central massive forming for 
some distance a low watershed between the Meza and Mu river, North of these 
low hills the eastern boundary is again well defined being formed by the broad 
valley of the Meza river. 

j The highest point in this hilly tract is Maingthong hill (5,510 feet), the south- 
western spurs of which have been geologically examined. 

The Toung-thon-lon (5,565 feet) at Lai. 24® 56' and Long. 95® 52' may possibly 
form the norihern continuation of the Maingthong tract, but it was not visited. 

Geological I can only give a rough outline of the geological features 
of this area, owing to the almost unsurmountable difiiculties, which the dense, 
nearly impenetrable jungle places in to the way of geological researches. Here and 
there a rock protrudes from under the thick vegetable mould which everywhere 
covers the ground. But nothing can be seen of the dip and strike of the strata. 
The tradnod eye, however, learns very soon to judge from the difference of the sur- 
face soil, whether a change In the nature of the underlying rocks has taken place. 
For instance, it is always easy to distinguish whether there are tertiary strata or 
diorite in situ below the surface soil, but the exact boundary lines must be guessed 
at. Even the valleys afford little opportunities for the geologist, owing to the im- 
penetrable jungle, 
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As far as I could ascertain only emplive rocks take part in the * 

Maingthon hill tract whilst the surrounding low hills to the east, sorination of the 
the eruptive mass consist of mioccne beds, both of the lower or h and west of 
the upper or Irrawaddi group. Older formations occur only close to'^.bindwin and 
river, where the low ridge which runs almost due north, near Htygain^e Irrawaddi 
by mica schists, with an easterly dip ; some liaces of metamorphized ctj ts formed 
limestone may be seen on the eastern side of the ridge which forms thf>‘<‘ l?pn deTOus 
between the Meza and Mu river, the crest of which is formed by an extensive 
pentine dyke. 


A.— Eruptive Rocks. 

1. Quarts Dioriie , — ^Tlic rock which is chiefly developed in the Maingthong hill 
tract is a crystalline rock which from its outward appearance must be placed 
between granitites and quartz diorites. 

So far as it is known the quartz diorite occupies chiefly the central part of the 
tract ; it is well seen on the load from Wuntho to Pinlcbu, between the villages of 
liTyelin and Ilethat, that this is so may be seen on the footpath which leads from 
Wuntho to M)'cUn, but the locality where I found it best developed is the Tayaw- 
choung, a feeder of the Yu river j here enormous masses may be seen in rounded 
forms covering the slopes. 

There is sufficient reason to believe that the quartz diorite is not only developed 
in the shape of a central mass, but that numerous dykes radiate from the centre, 
which show a considerable difference from the central mass ; such a vein may be seen 
in the Nam-Maw ravine cast of Mawteik where it undoubtedly penetrates the 
black rock (aphanile). Occasionally veins of white quartz may be seen in the 
diorite, but so far as I know they are not metalliferous. 

3. In close connection with the diorite occurs a hard black rock which is deve- 
loped either in homogenous masses or is well .sUalifted. This mode of occurrence 
may ho scon in the Nam-Maw ru vino, o?usl of Mawteik ; after having passed Mawteik 
where a truly intrusive rock of the trap type can be seen, an oxcccdiugly hard dark 
rock forms the bctl of the river ; for about half an hour this rock may be traced without 
any apparent change being noticed, excepting occasional Assures ; then the rock dis- 
appears beneath the jungle, and when it crops out again, it is apparently of the same 
type, but now well slratificd. The strike is 45“ N. E.-S-W. and the dip 45* W. 
It is crossed by a system of jointing, running 340® NT. N.-W.-S. S. E. and dipping 
62® E. 

Mr. Holland describes this rock as follows : — A compact bluish-green rock 
breaking with a semi-conchoidal fracture, studded with minute grains of magnetite 
pyrites and pyrrhoiite, the last-named minerals occurring also in irregular palche.s. 
Si)ecific gravity a '86. Under the microscope the rock presents the character.*} of a 
volcanic agglomerate rather than an ordinary lava or a dyke rock, Fragments of 
phgioclasc felspars, hornblende and augite in all stages of decomposition are mixed 
with opaque grains of magnetite and pyrites in a microliihic groundmass. It con- 
tains a trace of gold but not enough for estimation. 

Mr. Holland further remarks that only the occurrence in the field can decide 
exactly the origin of the rock, but from the microscope alone it seems to be a con- 
solidated volcanic ash. 
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Mr. Holland’s supposition is peifectly correct ; when I iirst discovered this rock 
It struck mo at once as not being of tiuly sedimentary oiigin, although being peifect 
ly stratified. In fact the bedding goes so far that the grains and patches of maD-" 
netite pyrites run parallel to it. My first idea was that this must be a consolid 
ated volcanic ash, veiy probably deposited in water. At all events under this cir- 
cumstance the hard bluish rock mentioned above is also a cemented and hard- 
ened volcanic ash on the top of the stratified beds. 

This hardened volcanic ash may be seen all along the outskirts of the Maing- 
thong hill tract forming particularly the surrounding region ; I first noticed it 
near Padeingon,;about 15 miles in a sUaight line north of Wunlho, and from there 
I traced it all along the lower hills which form the outskirts vtd Pinion, Kyaungon 
as far as Wunlho ; on the road from Wuntbo to Pinlebu between the 7th and 8th 
mile where there arc extensive old gold-diggings, this hardened volcanic ash shows 
according to Mr, Holland, exactly the same composition as that from Mawleik 
which is not loss than 28 miles in a straight line distant from that place. Here 
the simultaneous occurrence of the stratified and the non-stratified beds can also 
be seen, and the first arc apparently the lower ; a sample of the non-stmtified rock 
exhibits the following characters A coarser grained rock than that from Mawteik 
presenting the characters of a compact and altered agglomerate. ’ There is a con- 
siderable development of epidole at the expense of the decomposing felspathic 
material which is in large quantities. Fragments of amygdaloidal andesite are 
occasionally found included and undergoing the general decomposition. Specific 
gravity 2*884. I need hardly add that it also contains numerous specks of 
magnetite pyrites. 

To me it seems most probable that the diorite and the volcanic ash are in 
generic connection, although this has not been actually proved yet; the probably 
sub-marine diorite eruptions were accompanied by large showers of ash which 
form now these pacudo-sedimenlary rocks. Undoubtedly, subsequent eruptions 
produced dykes, which intruded into the surrounding ash masses and these dykes 
chiefly attract our attention. They were of two types — one, closely allied in com- 
position to the diorite ; the second, chiefly consisting of felspathic quartz which 
contains a more or less considerable quantity of auriferous pyrites* 

(a) Fyrihe veins (auriferous.) 

The known pyritic veins are only found on the eastern side of the Maingthonp* 
hill tract, but I have not the slightest doubt, that subsequently they will be 
found at other places within the ash-girdle. Beginning from the north the fol- 
lowing localities are known where these veins occur 

1. Gwogyi, 

2. Toungni near Padcingon. 

3. Chouk-paza-doung, close to Padeingon. 

4. Theindoo-choung, near Pinion. 

g. Mayutha, 

All these places are quite close to each other, the distance from Mayutha to 
Gwegyi being not more than 12 miles in a bee-line. So far as it has been observed 
the veins do not run in any particular direction, but I may be wrong here. Any- 
how the small holes in which the veins were exposed, did not permit a definite 
opinion; only when their extent is known, can this question be decided. The 
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veins natarally vary in thickness, as well as in the quantity of pyritic ore which they 
contain. The thickest vein which I have seen is that of Toungni; the ore contain- 
ed a comparatively small quantity of pyrites ; on assay it yielded 4 dwt. 15 grs. of 
gold to the ton. The ore from Chouk-paza-doung which occurs in a vein of about 
9 to 12 inches in thickness is much richer in pyrites, but it yielded only i dwt. 
7 grs. of gold. 

At Pinion, of which Mayutha is probably only the continuation, the vein is 
about 4 inches in thickness, but consists nearly throughout of pyrites. On assay it 
3delded only a trace of gold, although there is seemingly a connection between 
the quantity of pyrites and gold contained in the ore ; that is to say, the richer in 
pyrites the poorer in gold, this supposition requires however a great deal more con- 
firmation before it can be accepted. 

However it is not only the quartz veins to which the occuirence of auriferous 
pyrites is limited, much more frequently it is largely dispersed in small crystals 
through the ash ; in fact we may say the occurrence in veins is only a concentrated 
foim of the occurrence of the auriferous pyrites in the ash. Pinion offers a good 
example of this ; as above mentioned, there is a comparatively thin vein of pyrites 
traversing the volcanic ash, which itself shows not race of pyrites, at a distance 
of about 200 yards frod the above place the ash, however, shows numerous 
small pyritic crystals and old diggings prove that the natives have been 
working here for gold. Typical localities of the second mode of occurience of the 
pyrites ve — 

I. Gotama hill near Wepone, north of Wunlho. 

a. Kyoukpya, hot ween the VU and VIll mile on the road from Wuntho 
to Pintebu. 

3. Nam-Maw east of Mawtoik, Piolobu Sub-division. 

Pcsides the above there are undoubtedly numerous otlier places ; for instance 
the frequent occurrence of crystals of pyrites in the streams near Gyodoung (north 
of Wunlho) prove that it must be found west of that place. 

( 5 ) GaUniferom veins (argenti/erous). 

Besides the pyritic ore there occurs on the western side of the Maingthon bill 
tract a galeniferous vein of Cemssite under very similar circumstances. The first 
locality where I found it is called Kaydwin (Kay-lcad, dwin-mine) situated in the 
ravine of the Nam-Maw, cast of Mawteik and still further to the east from the place 
where the pyritic ash had been observed. As far as I was able to ascertain without 
making extensive diggings it is a vein of, as Mr. Holland describes it, an igneous 
rock of the aphanite group being composed principally of lath-shaped plagioclase 
felspars, hornblende, and relics of augites with considerable quantities of granular 
magnetite. The whole rock has been considerably decomposed ; cpidoto has form- 
ed and veins of other products of decomposition occur. The strike of the vein is 
apparently N, N. E.-S, S. W.j but owing to the unfavourable position of the outcrop 
this could not be ascertained. The thickness varies, but in the average it is not less 
than 4 feet. The cracks of this vein are filled with veins of Cerussite, which forms 
thin layers encrasting the rock. According to Mr. Holland H yielded 69*1 
per cent of lead and 33 oz. 16. dwt. 4 grs, of silver to the Ion of lead. 

Following up the direction of the strike in a south-westerly direction at a 
distance of about six miles in a straight line, another locality called Mawkwln 



PART 4.] Noetling : Geology <y^Wuntho Upper Burma, iig 

exists where the natives have been digging for lead. The mode of occurrence 
being the same, it is undoubtedly that this place represents the southern continua- 
tion of the Kaydwin outcrop. 


(f) Salt springs. 

Another most remarkable occurrence within the area of the volcanic ash on the 
western side of Mainthong hill tract, is that of salt springs. 

They arc usually found in the bed of the streams where the brine oozes out 
from the rock. Such places are : — 


11 
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Kyatngat in the Nammavv ravine. 
Kaydwin „ „ 

Taungmaw „ 

Natdaw „ „ „ 

Mangyi •> » «, 

Mawkwin in the Tayaw ravine, 
Senan „ „ „ 

Sagyin 
Mogyibin 
Kya-wut-maw 
Sinsamaw 
Zibinmaw 
Nayaungbinmaw 


Nam of stream unknown, but close to the above. 


If the situation of these salt springs is fixed on the map it seems that they occur 
along a line which runs about north-north-west and Umt they are chiefly found 
at such places where the erosion of the streams has cut across it. It is therefore 
highly probable that these salt springs follow a line of &ull, which seems in the 
main to mn parallel to the Cerussite vein. 


B,-The younger formations. 

Mainglhon hill tract is surrounded on all sides by tertiary strata, which in no 
way differ from those observed elsewhere in Burma. Yellowish soft sandstones and 
brown clays form the upper beds, and blue clays with ferruginous concretions, and 
grey sandstones, are predominant in the lower part. The tertiary strata come up 
quite close to Maingthon hill tract; in fact, they form part of it, and on its western 
side they compose the lowest spurs. Whether there is a line of disturbance between 
the terdaries and the eruptive centre is difficult to say. 

On the western side the older tertiaries or Chindwin group may be traced for a 
long distance ; these beds are of small thickness comparatively, and form a narrow 
band which skirts the central massiv ; it is followed by the upper tertiaries, the 
Irrawaddi sandstone, which is easily recognizable by its characterstic escarpments, 
facing cast ; there is no doubt that the Irrawaddi ^dstone extends to the west as 
far as the Chindwin, 

The general dip of the tertiaries is towards west. 

On the eastern side the Chindwin sandstone has not been observed yet, but 
there is every reason to believe that it may yet be found. General dip towards east. 

The way in which the tertiaries follow the contours of the central massiv con- 
vinces me that they were not only deposited along it, but that they once covered it 
entirely. The older eruptive massiv was only laid by the same action which 
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resalte J in the folding of the lerliarios. Once laid open to denudation the softer 
tcitiary strata were of course washed away easier than the hard dioritc. As a result 
of this denudation the central diorite massiv protrudes in the form of a high, hilly 
tract from the sunounding low-lands of tcitiary age. On the eastern side there are 
numerous outcrops of coal seams, which, beginning north, run as follows ; — 

1. Choukpyachoung between Mansigale andPinmu. 

The coal is exposed in the bed of a small stream ; it forms two scams separated 
by a clayey parting ; the following is the section in descending order j 

7 Clay. 

d Shaly coal, i8 incho?. 

5 Brown soft clay, 12 inches. 

4 Shaly coal, to inches. 

3 Good liard coal, 3 inches. 

2 Shaly coal, 3 inches, 

1 Clay of unknown thickness. 

The coal, except the thin layer of 4 inch, is of very inferior quality, brittle, and 
very shaly ; in fact, it can hardly be considered as more than a bituminous shale. 

2. Tabawda-Choung a feeder of the Tayaw-Choung, about three miles south- 
west of Mansigale. 

The coal scam crops out in a narrow, nearly inacessiblc ravine ; the seam 
dips west at an angle of about 10°, The following is the section in descending 
order ; — 

9 Clny. 

8 Shaly coal, 14 inches. 

7 own bituminous clay, 12 inches. 

6 Slittly coal, 7 inches. 

5 Good coal, 6 inches* 

4 Shaly co.tl, 1 inch, 

3 Good coal, 6 inches. 

2 Shniy coal, i inch. 

1 Bluish clay of unknown thickness. 

The coal is of good quality, but not of sufficient thickness to pay working. 

3. Milaunggon, cast of Pinlobu, 

Hew an outcrop of coaly shale, apparently in disturbed position, may be ob- 
served ; it is absolutely of no commercial value. 

4. Subokom, about the 34th mile from Wuntho. 

The outcrop is found in the bed of a very narrow ravine, unfortunately much 
covered by jungle j unless exposed by trenches, not much can be said about this 
out-cropj but judging from the others, it is not very probable that it will prove of 
particular value. The seam dips west at an angle of apparently 10®. The follow- 
ing is the analysis of a sample of this coal 

Moisture »••*,,**, y'dS 

Vphatile matter , 34-4* 

Fixed carbon . S3‘s8 

Ash • , , * 

According to this analysis, the coal should form a very good fuel provided it 
esisis in sufficient quantity. 
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5. Moungaw Stream, near Yuyinbyet village, south ol Pinlebu. 

Two outcrops can be seen here : the lower one is a scam of shaly,lbriltle coal of 
about two feet thickness imbedded in clay, the second shows a seam of 4 to 5 feet 
good coal covered by about 8 inch of shaly coal ; the out-crop was unfortunately 
partly covered with water, which prevented further examination. Dip about 10® 
towards west. The following is the analysis of a sample of this coal : — 

Moistwo 6’6o 

Vul.atilc matter . .34^ 

Fi'ced carbon 

Abh 7'‘04 

The coal is so exactly similar in composition to that from Subokom,lliat, consi- 
dering the position of the two localities, it is highly probable that both belong to 
one and the same seam, of which the Moungaw out-crop is the southern continua- 
tion, 

6. Wetabin-Choung, about i mile west of Engwe village on the Yu river. 

I discovered only a seam of slraly coal here which closely resembled that of 
Milaunggon. However, another seam must be in sttu in the same stream, which 
is hidden under the detritus, for fragments of good liard coal have been washed out 
and prove its existence higher up. According to the analysis it contained — 


Moisture 8’a8 

Volatile matter 3d’i4 

Fixed carbon 4®’SS 

Ash 


It is therefore in no way inferior to the coal of the above named two places, 

C. — Economic value of the minerals in the Maingtiiong hill 

TRACT. 

I. — General Conpitions, 

Before going into the details of the value of the minerals mentioned in Section 
B„ it will be useful to discuss such questions fiist, which would apply generally 
to all mining operations in Wuntho, namely, accessibility, labour, water and fuel- 
supply. 

As regards accessibility, there can be no doubt that the opening of the railway 
line to Wuntho has greatly facilitated mining enterprise in those parts of Burma. 
Without the railway, mining in such a country would be out of the question alto- 
gether ; the forty odd miles from Htygaing, the nearest river station, to Wuntho, across 
a country which is a swamp for the greater part of the year, would never permit any 
mining enterprise. But even supposing the necessary tool and plant liaving 
safely arrived by rail at Wuntho, there still remains a good distance to be covered 
by carts, Tlie pyrites mines are more favourably situated, the railway line 
running nearly parallel to the eastern spurs of the Maiugthong hill tract j but 
there are still, in the most favourable case of Theindoo-choung and Mayutlia 
at least 10 to 12 miles of very difficult country to be traversed by road j in the case 
of the other mines, the distance is greater still. It may be said, however, that, 
although the cost of transport is great, it would not be prohibitive in the case of 
the pyritic veins. 

As regards the coal-mines, the nearest outcrop is 32 miles over a much broken 
country, from the railway station, a distance which in itself would render it an 
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unprofitable undertakinfi^ to work these mines, considering the favourable 
position of the Kabwet colliery, which is open to communication either by river or 
rail. The load-mines are still more unfavourably situated, there is a cart road 
from Pinlcbu to Wuntho (at present, however, only practicable during the dry 
season) ; but beyond Pinlebu, communication is rather difficult ; the total distance 
fiom the railway station to the Kaydwin being not less than 68 miles over very 
broken country, which in my opinion will enhance the cost of transport so much 
as to make it a most unpiofitablc concern even if the ore contained 33 ounces 
of silver to the ton. 

With regaid to labour, it may at once be said, that to rely on local supply 
would wreck any mining enterprise from the very beginning. Probably one or 
the other local coolie, attracted perhaps by high wages, will for some time work 
in a mine, but it is more than doubtful whether they would take up the work 
in any number, and, what is the most important point, would persevere in it. 
The population consists chiefly, if not entirely, of agriculturists, who arc not likely 
to give up their comparatively easy work, which affords them a suflicient if not 
ample livelihood, with plenty of spare time. If they could be induced to take 
up working in a mine, they would most probably only do so during the off season, 
and return to the cultivation of their fields when their presence is required. 
Labour must therefore be imported at undoubtedly considerable expense, if ever 
mining operations were started in those parts of Burma, Finally, another point 
must not be overlooked ; Wuntho, in fact the whole of the Mainglhong hill tract, 
is an excessively unhealthy and feverish country, as I have experienced myself. 
The death-rate amongst the coolies would be sure to rise to such a point that 
exorbitant wages would have to be paid to the labourers to induce them lo slay 
on. The sanitary conditions would undoubtedly improve imuiedUlely the juaglcs 
were being cleared and the coolies fairly housed, but at the beginning ilie 
death-rale would certainly be a high one, There is plenty of water all the year 
round, an important matter, if it were to come lo the sotting up of .stamping 
batteries, and there wouhl be no lack of fuel, at any rate wilUiii the first twenty- 
five years, the country being thickly stocked with wood. 

To sum up, accessibility in all casc.s, except iho coal and lead mines, fairly 
good. Water and fuel plentiful ; local supply of labour next to none. 

a.— V alue of the minerals. 

Having dealt with the general conditions, on which mining enterprise in 
Wuntho will depend, it remains to discuss the value of the different minerals which 
are likely to be exploited. Those are— 

t. Auriferous pyrites. 

9« Argontiferoua Cerusaite. 

3> Cool. 

4 , Salt, 

1, Aurifereus JPyrtU$,“^li must be understood that all the gold found in the 
Mainglhong hill tract has been derived from the decomposition of iron pyrites, 
whether gold be found in specks, in the surface soil, or in small grains inclosed 
in the quartz. The sooner it is understood that the gold found in the quartz 
is not primary, but a residue of a chemical process, t\ c*, the decomposition of the 
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iron-pyrites, the more will the dilTiculties be realized which will have to be encoun- 
lercd when exploiting these auriferous ores. I do not doubt that at the outcrop 
of the pyrites-veins metallic gold has been found, although I did not find it 
myself; the Choukpaza lode for instance 'shows unmistakeable signs that its outcrop 
had been worked by some body and for some purpose, and if the natives state 
that this puqiose was the extraction of gold this statement is probably conect. 
I have also no doubt that the same may be the case with other localities, for 
instance, Toungiii near Padcingon or Gwegyi. But my opinion is, that I do not 
believe that the occurience of metallic gold at the outcrop of these lodes will con- 
tinue to any great d<‘pth. Sooner or later it will disappear, and he replaced by un- 
dccomi)oscd iron-pyiitcs. Then the difficulty of dealing with a “refractory” ore 
will have to be faced. This is the point which I want to put stress upon. We 
have, therefore, to answer the question ; docs the iron-pyrites contain a sufficient 
percentage of gold, so as to make its extraction a profitable business ? This may be 
answered with «<?, as far as our present knowledge enables us to form a judgment. 
The richest ore contained a little over 4 dwt. of gold to the ton ; but although as 
small a quantity as 3 dwts. is sufficient to pay some of the Australian mines, 
it is hardly beyond a doubt that in Wuntho the expenses will be too high to make 
gold-mining a payable concern, unless a higher percentage of gold to the ton of 
pyrites ore could be proved, I quite believe that should gold mining be really 
started some of the mines would pay a small dividend during a couple of years 
or .•''0, but when the small supply of metallic gold, prepared in the chemical 
laboratory of nature, has been exploited, and when it comes to extract the gold 
from the pyrites, which holds it with an iron grip, every single one of the mining 
concerns will ingloriously break down. It may be argued that the natives have 
extracted gold at various localities in the Maingthong hill tract. True enough, 
and countless old and deserted diggings prove that they actually did, but it must 
not l)c forgotten that a native feels himself amply paid if he gets a few annas 
weight of gold after a month of Itard work. The native does not employ expensive 
mechanical labour, and an equally expensive staff; a primitive pickaxe, a wooden 
siiovel and a pan made on the spot, an ample supply of water is all he requires. 
With that outfit he sets to work, diligently, day per day ; and when he thinks 
he has oxhaustotl one place, he moves on to another. Small as his earnings may 
be there is no question that they sum up, if we suppose, that this work has been 
steadily going on for years and years. The gold which eventually comes to the 
market is perhaps the accumulated result of years of work. But if the same 
quantity were to bo obtained within a short period of time, the working expenses 
would simply be higher than the value of the gold extracted. 

«. The results of the analysis prove that this is a 

highly valuable ore, and so far as I have observed there is a large quantity still 
available, but as I have already said, it must remain doubtful whether under 
the present conditions of railway communication and costly labour these ores could 
bo worked profitably, 

3. CAiZ,"“According to the analysis the coal is of good quality ; but not 
largely in excess of that from Kabwet or the Chindwin. It is in fact up to the 
average coal from the Burmese Territories, which makes a fairly good fuel, provided 
there is a sufficient quantity of it. But so far my examination of several localities 
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where such coal exists, does not warrant a very hopeful view, and in fad, except 
at one or two places, the seams are of wretchedly poor quality, consisting chiclly 
of coaly sh de. 

4 . Salt.— 'In conclusion 1 may mention in few words how the natives utilize the 
salt springs. I liavo already statcii that these springs are almost al^i^ays found 
along the stream beds ; and the natives have overcome the dilficulty of obtaining 
a strong brine for evaporation in a most ingenious way. A fairly sized log of 
wood is hollowed out in the centre, and driven into the bed of the stream over 
the spring, whilst the space between this hollow cylinder and the rock is safely 
plugged with clay» A bamboo-wicker work is then placed round the wooden 
cylinder and the space between the two filled with clay, well rammed in ; a few 
heavy boulders, on the top protect the clay from being washed away. The brine 
then rises in the wooden tube sometimes above the level of the surrounding stream. 
It is pumped out in the ordinary way by means of a pot, and then boiled down, in 
the way as described by me in a previous note on a salt spring near Bawgyo in the 
3han States, 


Preliminary notice on the Echinoids from the Upper Cretaceous System of Baluch- 
istdn, ly Fritz Notstung, Ph.D., F.G.S., PaUeoniologhty Geological Survey 
of India. 

The fine collection of fossils, which Messrs. Gricsbach and Oldham have ob- 
tained from the cretaceous rocks of Baluchistdu, contains, amongst others, num- 
erous well-preserved KchimitU^ several of which 1 recognised to belong to the 
genus Hmipneusta Agass. 1 he occurrence of this genus seemed to imlicalc the 
existence of the 5 lage Danim in IJaluchistdn — a fact which, if proved with certainty 
would be of considerable interest. The closer examimuion of the Ethinotds has 
elicited some more interesting fact.s, which I publwh now, because a considerable 
time must lapse before the examination of the whole fauna can be completed. 

it is unfortunate that no figures of the new species can be given here, ami, for 
the time being, tlic conclusions I base on the species mentioned below must he 
accepted in good faith, but t hope that the publication of the whole of the creta- 
ceous fauna of Baluchistiu will not be delayed much longer, On the other hand, 
I think that the results of the examination of the Echtnoids will be of some assist- 
ance to the field geologists who are working now in Balncliisldn, and it may he 
hoped that these notes will help to elucidate further facts concerning the develop- 
ment of the Upper Cretaceous system in Baluchistdn, 

From a paper in the “ Records ” ^ it appears that Mr. Oldham divides the strata 
below the Ghdzij beds (Eocene) into three groups, which in descending order arc 
follows 

3. DunghAt) group, 
a, Belemnlte beds, 

1. Mabsivo Umostono, 

An unconformable break is said to exist just above the Belemnite beds. It 
might then be expected that a considerable difference in the feiuna of the Belemnite 
* Geology of Thai ChoUali, Records, Geological Survey of India, Vol. XXV., P, iS, 
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beds and the Dunghan group would be met with, a view which had been fully 
borne out by the facts. However, Mi. Oldham, unfortunately, was led into a 
mi'stake, further elaborated in the and Edition of the " Manual,” p. 291, to assume 
that the Dunghan group contained an anomalous fauna, and that Nummulths were 
associated with cretxccou.s forms. 

Mr. Oldham continues : “ Under these circumstances it must remain an open 
question whether we are to regard the Dunghan gioup as oldest tertiary or newest 
secondary in age ... If the top of the Dunghan group represents the lower limit 
of the tertiaries, we have to acknowledge an extieme abundance of the genus Num- 
mulina in beds of cretaceous age ; if the bottom, then the Ammonoidea are re- 
presented in beds of tertiary age by several genera and species. A third interpre- 
tation is open, and probably it will prove the tiue one, that the Dunghan group 
leprescnts the gap between ihe Secondary and Tertiary period in Europe.” 

Supposing Mr. Oldham’s obseivations were correct, they would contain nothing 
new, because true Nummuliies have been discovered in the Eastern Pyrenees in 
strata which have been considered by Mr. Seunes' as belonging to the 4 tage Danien, 
These strata are said to pass gradually into limestones which contain laige 
tnuUies (A, perfotata)* 

It is to be regretted that Mr. Oldham advanced such far-reaching theories on 
palmontological evidence which cannot be considered as conclusive. I have ex- 
amined the “ Nummuhm ” of the Dunghan group in Mr. Oldham’s collection, and 
have found that Mr. Oldham had mistaken a species of the genus OtMtolites for 
Nummulina, and as the form is a typical cretaceous genus, the anomaly disappears.* 

Mr. Griesbach has lately been over the sections described by Mr. Oldham in 
the paper quoted, and has found that there arc three distinct series of rocks 
represented In that part of Baluchistdn ; the lowest (Mr. Oldham’s “ massive lime- 
stone'*) contains a number of fossils, which I am now engaged in working out, I 
found that they chiefly belong to the genera Macroetphahtis, Zitt,, and Perisphinc’^ 
ks, Waag., and that several forms from Each, such as M. kansiens, Waag., and Jkt. 
polyphemtiSi Waag., are represented amongst them. The “ massive limestone" is 
therofoic of jurasaic age, and represents probably the ICelloway group. 

Above the massive limestone follows a series of beds, which are distinguished 
by an abundance of specimens of JBelmnites. Locally the Bilmniie beds may 
be divided into various horisons, but it seems doubtful whether such horizons 
could be traced over more than a very limited area. The examination of these forms 
has proved, that the Belemnite-beds must be considered to be of Neocomian age. 

Above the BeUwniit beds follow the calcareous beds (locally often sandstones) 
which contain a rich fauna, amongst which the genera Zitt., and 

OrhitohUh must be specially mentioned. These beds are also characterised 
by the widely distributed C(xrdiia D*Arch., which in Sind also occurs in 

the uppermost Cretaceous, 

» Seunos, Observations sox 1 « CeiM aupdrieut des Pyerfneds occidentaJea, Bull, d© la 

Soc. GiSol. de France, 3rd aer., vol. xvii, p. 803, 

> I need not dwell here on the controversy that has been going on for a long lime 
regarding the age of Leymerie '3 dtage Garumnien. Ik is sufficient to say that Mr. Leymerie 
tried to explain the presence of cretaceous Kchinoids in the calcaires k Micrasier terc 3 niia by 
the theory of colboies— a view which might also h| applied to the Dunghan group suppo»ng 
the aeomaloua fauna existed. 
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Above the dark-brown Sphenodisem beds follows the white Umestone of the 
Eocene foiraation with true Nammuliies, 

From the fore^foing remarks it seems clear that the Sphenodiscus beds re- 
present that part of Mr. Oldham’s Dunghau group which contains the cretaceous 
fauna tot»cthcr with the so-called Nummulmai* 

The Echinoids which have been described in the following pages have been 
collected by Messrs, Giiesbachand Oldham in the Sphenodiscus beds; none come 
from the massive Umestone or the Belemnite beds, nor from the numrauliiic 
limestone above. We are therefore in a position to asceitain with great accuracy 
the age of the Sphenodiscus beds. 

The Echinoid fauna here described consists of ii genera with 1 6 species, of 
which 8 genera are represented by one, tlirec genera by two, and one genus by 
three species, viz, 


1. Ctdaris stdtitmni, spec, nov, 

2 . Orihopsis pertaia, spec, nov, 

3. Cyphasoma sp, 

4. Proieehinus pauciiuherculatuSf g^n. et spec. nov. 

5. Eckinoconits gig as, Cottcaa. 

6. HoUciypns baluehUlanensis, spec. nov. 

7. Pyrina ataxends, Cotteau. 

u gigMtea,* spec. nov. 

9. Echinantkxts griesbaeki,^ apec. nov. 

to. Ctypeolampas heltos,^ spec. nov. 

I I, vishnu^ spec, nov, 

la. Slcmipneusies pytenaicus, Hubert. 

13, „ Icymeiiei,^ Iliibort. 

14, „ cainpiessus, <ipoc. nov. 

15, ihmiaster itanfordie, spec, nov, 

10. „ oldkamif spec. nov. 

Out of the 1 6 species, 15 have been determined specifically, and only i 
gcnerically ; out of the 15 8pcdfi<ally determined species, 11 have been found to be 
now, but 4 could be identified with well-known species from Euroi^e; these are— - 

Echinoeonm gigas^ Cotteau. 

Pyrina atascensist Cotteau, 

Jlemipneustes pyrenaiem, Hubert. 

„ leymm'ei, Ildbert. 

I wish to say at once that among the 1 1 new species several show so close a 
relationship to other European species that it is quite probable that on actual 
comparison wiUt the type specimens they may he found identical, and that the 
number of European species appearing in the cretaceous system of Ealuclustdn may 
in fact bo much larger than stated above. However, the four species named have 
been recognised with great ccilainiy, and we may therefore say that the Echinoid 
fauna of Baluchistdn exhibits a most marked European character. 

* The horuoa this species is not quite certain } Mr. Oldham, who has collected it, 
simply states from “ Ounghan group *' i from the state of preservation I think that it has been 
collected in argillaceous strata just above the Betmnih b^s. 
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This feature appears still more remarkable if we take into consideration 
these four species occur principally in the dlage Danten of the Pyrenees. We are 
therefore fully justified in assuming, from the evidence of the Echinoids, that the 
cretaceous fauna of Paluchistdn is of European type^ and showing the closest 
relaUonship with the cretaceous fauna of the dtage Danten of the Pyrenees. I admit 
that this is a somewhat startling result, and 1 must say that for some time I felt 
serious doubts as to Us correctness, considering the great geographical separation j 
but after I noted down this fact, I came across Mr. Cotteau’s note, "Sur un 
excmplaire du Coraster Vilanovm provenant de Tersakhan (Turkestan),”^ Mr. 
Cotteau, whose high authority on Echinoids will hardly be doubted by anybody 
describes in this a small echinoid, which had been presented to his brother by 
General Komaroff of the Eussian Army. 1 (^uote here Mr. Cotteau’s own words 

“ Cette espbee avait dte dans I’origine considerde par M. Vilanova et par moi qui 
n’avais fait que suivre ses indications, comme dochne. De nouvelles observations 
out demontrd que la couche qui renferme le Coraster VilanovcB doit se placer dans 
la Craie, k un niveau supdrieur. La ddeouverte de cette esphee faite rdeemment par 
M. Seunes dans la Craie supdrieure des Pyrdndes, ne laisse plus aucun doute sur 
I’horizon stratigraphique du Coraster Vilanova, 

** La presence do ce petit ifechinide, k une aussi grande distance des Pyrdndes et 
de la province d’Alicante, est extrfimement intdressante et suflSt pour dtablir que les 
ddpbts de Tersakhan, dans lesqnels il a dtd recueilli, font partie de la Craie 
su^ricure, et que, suivanl toute probabilitd, les mers crdlacds, qui recouvraient 
cette partie de la pdninsule espagno! et des Pyrdndes, se prolongeaient jusque dans 
le Turkestan." 

There is other evidence of the probability that the cretaceous beds of Turkestdn 
belong to the same area of deposition as those of Baluchistan, and if an Echinoid 
has been discovered in the former which is identical with a form which has hitherto 
only been found in the Upper Cretaceous system of the Pyrenees and Spain, it 
is by no means surprising that in Baluchistdn several species have been found 
which are also identical with forms occurring in the cretaceous beds of the 
Pyrenees. 

Mr. Cottcau’s view that the sea in which the cretacous beds of the Pyrenees 
were deposited, extended to the Turkestdn area, appears to be fully coixoboiated by 
the examination of the Echinoids from Baluchistdn. In fact we might assume that 
the cretaceous sea in which this remarkable fauna lived had extended far to the 
south and certainly reached to Baluchistkn. 

If we turn our eyes further south-east and compare the Echinoids from the 
Arialoor group of Southern India with those from Baluchistdn, we observe a most 
striking difference in the facies of the fauna and find that not a single species is 
common to both localities j in fact the whole composition of the Echmoid-fauna of 
Southern India tliffers greatly from that of Baluohistdn, as will be seen from the 
following table. The following genera have been found in 

Balachistkn. Soath-Iadia« 

Cidafis *.».*X.*»* X' 

Orthoptia X 

Cpphoaotna « • * ■ • X 

^ Bullotin de la Socidtd Gdologtque de France, 3rd ser., Vol. XVII, p. IS5. 
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Baluchiatjn, South India. 


Pseudodiadema 

w 


« 

« 

• 

« 

* 

• 

* 

X 

Micropedina 

ptoteehinus 

« 

• 

• 

• 

* 

• 

• 

• 

X 

• 


• 

• 

X 

Salfniu • 

a 

■ 

• 

« 

« 

« 

« 

« 

• 

X 

HoUetypus . 

e 

* 

e 

• 

X 

« 

* 


e 

X 

Bchinotanus 

0 

• 

• 

« 

X 

e 

• 

• 

m 

X 

Nueleoliies • 
Pyrina • 

• 

• 

■ 

« 

« 

• 

t 

• 

• 

X 


• 

• 

0 

X 

Cassidulus , 

« 

• 

• 

• 

• 

« 

■ 

• 

0 

X 

SHffttiafopygus 

• 

• 

• 

a 

• 

ft 

• 

« 

• 

X 

Botriopyt'us 

• 

* 

• 

» 

« 

• 

■ 

• 

* 

X 

Ctttopygus . 
Behittonthits 
Clypeolampas 

* 

• 

• 

* 

« 

# 

• 

« 

« 

• 

« 

9 

4 

X 

X 


» 

• 

« 

X 

Hemipneustes 

■ 

* 

* 

• 

X 

* 

« 

* 

• 

X 

Holaster « 

m 

• 

• 

• 

« 

0 

• 

• 

0 

p 

Cafdi<i&ter , 

• 


a 

« 

• 

« 

* 

• 

0 

X 

Epiasicr . 

* 

« 

* 

» 

« 

e 


« 

• 

p 

Ihmiasiet . 

• 

« 

• 

« 

X 

* 

• 

» 

« 

X 


Wc sec, therefore, that out of a total of 22 genera which occur in the Aiialoor 
group of Southern India and in the etiSge Danicn of Baluchistdn, only live genera 
are common to both areas, namely,-- 

1. CidariSf 

2. Orihopsh, 

3, IfolectypuSy 

4, Rehimeonus^ 

5i Ilemittstcr, 

and probably also a sixth, the genus Ilmipneustes ; but the presence of the latter in 
Southern India is somewhat doubtful, because I base it on the supposition only 
that the ill-preserved Cordiasfer orienialisi StoL, docs not belong to thal genus, but 
to J/tm'pneudes, as Its poriferous iKones indicate. Of the above-named five 
genera, four, CidariSt l/miasfer, Rolectypust and Rchinocottus are widely distributed 
genera, from which no conclusion can be drawn, and only Orihopsis may be said to 
be limited in its vertical distribution, and this genus, together with the probable 
jFiemipnettsteSf would form the only connective links between Kchinoid fauna of the 
upper cretaceous beds of Southern India and Baluchistdn. 

It may, however, bo remarked that it would have first to be proved that the 
Arialoor group could be correlated with the Sphenodiscus beds in Baluchisldn, 
before a comparison of their respective Echinoid fauna could be undertaken ; in fact 
it might be assumed that such comparison is inadmissible if, as it is supposed, the 
Arialoor group represents the et%c SmonUn in Southern Indio, whilst Sphmo^ 
diteus beds can be correlated with the etdge Danien, 

Mr. however, has recognised the presence of the etdgo Damen in South- 

ern India, which he calls Ninyur group, and of which wo must suppose that it was 
included in the Arialoor group, and therefore a comparison of the Danien in 
Balnchistdn with the Arialoor group of Southern India may by no means bo 
incompatible with the actual facts. 

It must therefore be admitted that a large faunistic difference exists in the 
* Bafietic, d« la Soci<H^ G^h de France, srd set., Voh XVlII, 14^, 
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TART 4.J Holland; Highly Phosphatic Mica- Peridotites. 

Kchinoid faunas of the upper cretaceous systems of Balachistdn and Southern 
India— a cliflcroncc which not only concerns the species but also the genera. This 
fact is the more striking if we consider the faunistic similarity between the upper 
crcta<'eous systems of Baluchistan and the Pyrenees. 

'J’hc only inference which we arc able to draw from this fact is that a great 
faunislie province; extended from South-Western Europe towards Central Asia and 
Baliichistdn— the creUiceous Mediierranean Sea,— and that this same province was 
.separated by a land barrier from the sea, in which weie deposited the cretaceous 
beds of Southern India ; a view which has already been expressed by other writers, 
amongst them the late Dr. Ncumayr. 


On Highly Phosphatic Mica-Pcridotilcs intrusive in the Lower Gond- 
wana Kcu ks of limgal, by Thomas H. Holland, A.R.C.S., F.G.S., 
Deputy Supcrititcndenif Geological Survey of India* 
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I,— Introduction. 

1. Besides the fact that hitherto only one or two types of ultra-basic rocks have 
been desciibed in India, a special interest attaches to the varieties of the rock 
described in this paper for the following reasons 

is irrupted as dykes and sheets coking the coal and baking the 
sandstones and shales of Damuda age in Bengal, thus occupying a 
position similar to that of its near relative, the diamond-bearing peri- 
dolite of South Africa, which breaks through the carbonaceous rocks of 
the Ecca beds and Kimberley shales — strata contemporaneous in 
geological age and agreeing partly in lithological characters with the 
coal-bearing Damuda scries of India. That diamonds have originated 
by the action of peridotites on carbonaceous rocks seems to be a most 
natural conclusion from their frequent occurrence either in the igneous 
rock itself (South Africa) | or in localities where peridotites arc intruded 
into carbonaceous rocks (New South Wales, Western America). This 
similarity of conditions, therefore, in the Indian coal-fields is most 
suggestive.t 

2«i/.--Thc presence of biotite and anthophyllite amongst the leading constitu- 
ents of this rock considerably limits the number of its relatives amongst 
the described peridotites of the world, whilst the quantity of apatite, 
amounting sometimes to over 1 1 per cent., makes it unique amongst 
igneous rocks. Whilst apatite is about the most widely dislnbuted of 
all rock-forming minerals, 1 know of no case in which its proportion 
amongst the rock-constituents would entitle it to bo regarded otlier 
than as an accessory, whilst in the peridotites it is comparatively scarce. 

2. Mr. F. G. Brook-Fox called my attention to these rocks in 1892, and kindly 
brought specimens from Giridih and Asscnsole. Since that date I have followed 
up the subject during short holiday cxcursioub to the coal-fields, principally in com- 
pany wdi Dr. Saisc, Manager of the East Indian Railway Company’s collieries at 
Giridih, to whom I am indebted for some very interesting specimens and for generous 
assistance in many ways, I am indebted also to Piofessor Judd of the Royal College 
of Science, I.ondon, for having kindly examined the slides of the mica-peridolites 
from the Daijfling area and for correcting my determinations, 

^ Cf, H. Carvill Lewis, On a diamantiferoos peridotlte and the genesis of the diamond,** 
(koU Mag,p dec. Ill, vol. IV (1887)* p. aa; Hep, 1887, p. 720. A.H.Green, ** A 

contribotion to the geology and physical geography of Cope Colony,” Quui^t, yottrn, GeoL $oe, 
vol, XLIV (x888), p. «39. Tho diamond-bearing perldoUto of South Africa is, tike the 
Bengal cock, associated with a series of Intrusive sheets and dykes of dolorite, which appear to 
be the underground representatives of the groat sub-a6rlal lava-flows forming the highest 
sub-divisfon of the Stormberg beds (Green, toe, cW., p. aS5), and thus occupying a position cor- 
responding to the Rajmahal traps of Bengal. 

The analogy of the occurrence of diamonds in meteorites and in peridotites, their nearest 
errestrial allies, has freqaently been remarked (efd# Paubrde, Cov>pies JRendus^ vol, CX 
18), 
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H.— Previous descriptions of the Mica Traps.” 

3. Dr. W. T. Blanford seems to have been the first to record the occurrence of 
black mica in the dykes of igneous rock intersecting the Lower Gondwana beds of 
the Raniganj area, and although in i860 he'could have had no means for distin- 
guishing the petrological characters of the two principal types of dyke-rocks intru- 
sive in the coal-field, he distinguished two groups by their distribution amongst the 
stratified rocks, describing what he thought to be the older as almost invariably de- 
composed and soft, forming a red or yellow stone, frequently vesicular and with a 
habit of forming sheets in the coal and sandstones. From observations which have 
been greatly facilitated by mining operations since carried out in this and in the 
adjoining coal-ficlds, I find that the dykes which are soft, buS-coloured and vesicular 
at the surface can be traced in the mine-shafts to compact mica-apatite-peridotites, 
whilst the basaltic dykes, which can now be proved to be younger {^vide infra, 
paragraph 14), display characteristic jointing and spheroidal weathering at the surface, 
with microscopic characters that are unmistakeable.^ 

4. In 1866 Mr. Hughes distinguished the mica-traps, which decomposed to 
yellow earth and occurred in narrow dykes in the Jherria coal-field, from the 
basaltic dykes of the same area.® 

5. In 1867 Dr. V, Ball described a tmp-dyke, crossing the Ddmodar (Ddmuda) 
north-east of Burobing in Ihe Rdmgaih coal-field, as decomposed and earthy similar 
to many seen in the Riniganj field.3 

6. in 1868 Mr. Ilughe.s recognised micaceous traps amongst the dykes of the 
Girfdfli (Karharbiirf} coal-lield> 

7. In the Jainlf coal-field (Deoghur) Mr, Hughes distinguished in 1868 — 70 
between the micaceous and the augitic types of dyke-rocks, remarking that the 
former are always in thin dykes, arc more decomposed, and affect the sediment- 
ary rocks to a greater extent than the latter — an obscivation which is confirmed by a 
microscopic study of the contact effects.® 

8. The first microscopic examination of the so-called “ mica-traps ” was made 
in 1880 by Mr. F. Rutley of the Royal College of Science, London, who described 
specimens collected in the Girfdfli (Karharbdrf) coal-field by Dr. Saise. Accord- 
ing to the extract from Mr. RuUey’s note published in Dr. Saise’s paper on the coal- 
field, the rocks were “ micaceous traps very decomposed indeed, the felspar being 
replaced by carbonate of calcium,” In one specimen he suspected the occurrence 
of olivine,® 

9. In 1888 my colleague, Mr. P. N. Bose, described some mica*traps from Baiar 

(’) ' * On the geological atruefcure and reIat!ons*of the Raniganj coal-field, Bengal.’* Mm. 
GtoUSurv., /ed., vol. in, pp. 141— *49, The great Salma dyke, for iostanco, to which Dr. 
Blanford refenred ae posaibly a member of the 'younger group (p. 143), ie an augite-plagio- 
• close rock. 

® M$m,i Oeol. Surv., Ind,, vol. V, p. saa, 

» /did,, Vol. VI, p. lap. 

• /did,, Vol VII, p. asp. Recently these and the other dykes of this area have been examin- 
■ed in detail by Dr. Saise and myself and will form the subject of a separate note. 

• Mm., G«ol. Supo., /«d., Vol, VII, p, 9 $^. 

• Trans, /isfih Eng. /nsi. Min. and Meek. Eng., Vol. XXX (1880), p. 13, 

C 
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kar and Raniganj nnder the names kersanton and kersafitUc.^ From an CNamina- 
lion of Mr. Bose’s slides and ai)ecimcns, together with a large collection of fresher 
rocks from this and other coal-fields in Bengal, I should not hctilate to ^Iiiss these 
rocks with a more basic type. 

III.— Mode of Occurrence. 

10. Compared with the basaltic dykes of the same area, the mica-pet id otitc in- 
trusions arc very narrow, never, so far as seen in the Girfdfh coal-field, exceeding 
about 3 feet in width ; and this seems to be true also of similar intrusions in the 
associated ficlda,® From dykes of this width it can be traced down to minute veins 
ramifying in the most intricate manner, and even as thin spreading between 
the separate columns in the zones of burnt coal which border the dykes (6*930).® 

I r. This rock frequently occurs also as sheets intruding along the bctls of coal- 
bearing rocks —a habit noticed by Dr, Blanford to be so constant that he found it 
necessary to reassure himself that the igneous rOcks were not intcrstnvtificd lava- 
flows contemporaneous witli the coal,* It has thus become to the coal-mine 
owners a more formidable pest than the larger masses of basalt which occur in 
vertical dykes. 

12. A further mode of occurrence is exhibited in one of the mines of the Fast 
Indian Railway Company’s collieries in the Girfdih field (JogfUnd shaft, No. 7). 
One of the galleries has been driven through a mass of peridotito 50 feet 
thick, and numberless veins from this arc found ramifying in all directions and 
anastomosing amongst the coal-seams around. The othei galleries of the mine 
have, however, only passed through uatrow dykes of trap, and they show that the 
lateral limits of the largo mass arc, at any rate, within the area ol the galU-rics. 
There is, thcrefoic, a boss-like cxpan.sion in lliis locality. 

13. Rcproscnlalivcs oi the same rock, with slight local varistions in structure 
and mineral compobition, occur in the coal-fields of Rdniganj and Ilurdkar, of Jher- 
rin, of Deoghur, and probably of Rdmgarh. It occurs also in the Daijiling coal- 
field also in sheets, with the usual contact-effects of intrusion. 

Geological age. 

14. According to Dr. Blanford, there is a much larger amount of trap permeat- 
ing the Lower Damudas than the younger bods, and the shoots of igneous rock 
intruded into the former strata appear to be alone amongst the trap-rocks of the 
field which have been thrown by faults. The age of those rocks is, therefore, given 
as probably Damuda and jiossibly Lower Damuda.*' Specimens which I identify 
with the mica-peridotite hero described were collected by Mr, Bose and slated by 
him to be intrusive in the Raniganj scries*® The uppermost members of the 

* Cent. Sttrv^t Iftd., Vol. XXI (18R8), p, ifi3. See abo doicrlptlon of the mica-traps 
occitrrlng in the Bamuda rooks o£ DarjeoHng district. Idid,, Vol. XXIII (1890), p. 241, 

* For oxamplo, Jlierriii (Hughes), Jainti (Hughds), and Raniganj (Blanfoid). 

* The numbers in pareuthasia refer to the specimens in the Geological Musoutn, Calcutta, 
which illttstrato the features described or figured In this paper. 

* Loc, cii.f pp, 141S and 147, 

* loc. eii., pp, 148 and 149. 

« Gecl. Surv„ Ind., Vol. XXI (1888), p. *64. (Specimen No. M3), 
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Damudas, therefore, must be fixed as older than this intrusion. In a paper by 
Dr. Saise and myself which is in course of preparation, it will be shown that the 
inica-pcridotite is, as Dr. Blanford suggested from more indirect evidence, older 
than the associated basaltic rocks, and if we take these (as all later workers have 
agieed with Dr. Blanford) as contemporaneous with the Rajmahal lava flows, 
the age of the mica-peridotite can be fixed between the narrow limits of Damuda on 
the one side, and Rajmahal on the other, that is to say, not far from the Trias of 
Kurope and the Panchet of India, 


Contact effects, 

15. Wherever the peridotite has invaded the coal-measures the coal has lost its 
lustre, is heavier, hardened, coked and often made beautifully columnar in zones 
of variable width along both sides of the dykes. 

In an equally striking manner sandstones have been baked and even partially 
fused, with the production, in the more felspathic kinds, at structures which some- 
times recall the corroded quartz-crystals and crypto-crystalline fluidal matrix of a 
rhyolite. These contact-effects will be described in detail in the joint paper already 
referred to.^ 

IV. — Petrological characters. 

Macroscopic characters, 

16. The most coarsely-grained varieties have been obtained in the Darjfling 
district. In specimens of these the glistening scales of brown mica measuring about 
2 ram. across form the most prominent feature (8723, 9707). The freshest 
siiccimcns have been obtained from Giridih, and appear as lough and almost black 
rocks with spangles of biotite, glassy-looking phcnocrysts of olivine, and large 
numbers of acicular crystals of apatite (9 ’8 76). Specimens from the narrower 
dykes and veins are generally dark green in colour, finer in grain, and are always 
more decomposed, masses of serpentine representing the original phcnocrysts of 
olivine (9' 104). In small veins and on the selvages of larger intrusions the rock is 
compact, of a greenish tinge, weathering to a buff-coloured earth (9*1044, 9*1045). 
Sometimes the selvages present a variolitic appeaiance, but the structures which 
represent the original varioles are now made up of secondary minerals. A similar 
variolitic appearance has been recorded by Diller at points where in the peridotite 
of Elliott County, Kentucky, the rock comes in contact with the strata and includes 
fragments of shale.® (See also para. 35.) 

17. Where in breaking through the coal the rock has met a nest of iron-pyrites 
there has been produced a slt^gy mass with very distinct fluidal structure and 

1 Tho late J. 6. Jukes, referring in the memoir on the South Staffordshire'ooal-field to the 
distances to which the narrow veins of igneous rocks run in the coal-measures of that area, 
concludes that '* at the time of the injection it had a temperature not merely jnst sufScienl to 
melt it, but a much higher one, sufficient to allow of the loss of a considerable quantity of heat, 
and yet £ot the matter to remain still molten in its passage to very considerable distances from 
the volcanic focus ” (and edition, (1859), p. 123). I have referred above (para, lo) to the fine 
ramifications and the long, yet narrow, dykes of mica-peridotite in the Bengal coal-fields, and 
the^jponclusion that such a condition is indicative of high temperature is confirmed by the 
intensity of the widely-extended resnlts of contact metamorphism noticed by Dr, Blanford. 

» BvU,^ V, S, Gaol. Surv,^ No. 38 (1887), p. 23. 
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black colour, like the artificial slags darkened by sulphides described by Percy 
( 9 - 877 )*^ 

1 8. Tn some cases, where the biolitc occurs in excessive proportions, the result 
of pressure at the margins of the dykes has given rise to a rock as fissile as mica- 
schist (9'i047). 

19. At the surface the dykes weather to a soft buff-colourcd earth in which the 
partially bleached and hydrated mica frequently appears, as noticed by Dr. Blan- 
ford, wrapped around small spheroidal masses, 'hrhich are often hollow in the 
centres and remind one again of varioles (9’ 8 74). In these weathered specimens 
bands of cavities strongly resembling those of a scoriaceous lava frequently occur ; 
they are presumably only hollows from which serpentine and other minerals have 
been removed in solution (9’872). 

Specific gravity. 

20. As all specimens have suffered to some extent from hydtation the specifib 
gravity of the rock has been lowered to varying degrees. The following table 
shows the average specific gravity of the principal types 

Rock. Sp. Gr. 

9*876, The freshest specimen with porphyritic oHvlrte, ffOra the 
centre of the large mass in No. 7 Jogitand shaft, Giridih. 

Depth, sS6 ft. . «*.*•.. 2*99 

8'733. Coarse-gr.iinod variety from the eastern branch of the Cherang 

Khol.x, Dnrjfling district . - , | , 3*90 

9'lOS- Rino-gr.aineil rock with olivines completely decomposed. Dyke 

ill No. 7 jogilniid .shaft, Giridih . .... 2*80 

9 104, Mon* d<‘ronipo!«‘tl and finer in grain. Same locality . , 2*71 

9 'i 09 ’ Buff-coloured .md solt dcoomposed variety froinlho dyke at the 

surlace ... * 2*684 

Ftisihility. 

21, Specimens, like 9*105, in which the olivines have been hydrated into 
‘serpentine, fuse easily before the blo\vpipe to a black, non-magnetic, and slightly 
vesioular glass (degree 3 of von Kobcll's scale). The fresher varieties containing 
clear olivine arc more refractory — a difference evidently due to the contained water 
whose influence on the fusibility of substances is well-known from the results of the 
late Prof. Guthrie,® whilst Prof. Judd, with these researches in mind, has pointed 
out that rock-masses heated to within a small range of their fusion points when 
dry may become molten on the introduction of water.® 

22, Fragments of a partly decomposed variety fused for five minutes in a cruci- 
ble gave on cooling a streaky bronze-coloured glass, which was easily decompos- 
able by hydrochloric acid, and had a specific gravity of 2*895, i>cing thus heavier 
than the original rock (2*80). 

23, The glass kept at a chcrry-red heat for 12 hours, lost its vitreous lustre and 
darkened in colour, resembling tachylyte. The fracture at the same time became 
“uneven,” and the specific gravity rose to 2*99, wrhilst the product was far less 
^easily decomposed by add than the original glass. 

‘ Metallittgy (Fuel), *873, p. 58. 

■*« phli. Mug. vol. XVIII (1884), p. 117. 

VStfAj. Mag\^ dec. Ill, vol, V (1888), p, *ld. 
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24. Under the microscope the glassy form has a yellowish brown colour with 
featheiy skeleton crystals generally developed around nuclei of magnetite. The 
pailly devitrified form, however, is so crowded with such feathery skeleton-crystals 
that they interfere with one another during growth. These microlitesare colourless 
in their centres, possess a high index of refraction, high double refraction, and in 
shape resemble those of olivine.i (Plate I, fig. 5.) 


Chemical composition. 

25. All but the freshest specimens effervesce with mineral acids, and the 
microscope conilrms the presence of rhombohedral carbonates (paragraph 36). It 
seems natural to expect that slow oxidation of the coal by oxygen dissolved in the 
circulating under-ground waters would result in the production of considerable 
quantities of carbonic acid and consequent formation of carbonates from the decom- 
posing silicates of iron, lime and magnesia. A similar phase of alteration seems to 
have been noticed in most cases of igneous rocks which have intruded into coal 
measures.® 

Of specimen No. p'fiyd as much as 58*23 per cent, was soluile in hydrochloric 


acid. 

26. A remarkable feature of the rock is the large quantity of phosphoric acid, 
which the microscope shows to be in the form of apatite (Plate I, figs. 1,2 and 3)* 
Specimen No. g'Syo yielded 5*234 per cent. PgOg (equivalent to 11*426 per cent. 
Caj Pa Ott ), whilst the analysis of a more hydrated form (9*105) from the same 
shaft, gave phosphoric acid equivalent to io'66 per cent, of lime phosphate. The 
decomposition of large quantities of this rock at the surface must contribute sensibly 
to the fertility of the neighbouring soil; but though the quantity of lime phosphate 
would be considered large enough to warrant remark from the petrologisl, it would 
not be sufTrcienl 10 justify raising for economic purposes. Even the richest form 
would be poor coniirarod with the basic Bessemer slags, and the use of these has 

been attended with indiJfIcrcnl success.® _ . r 1. 

27, The [rroportion of stltca rises not only by the removal in solution of the 

soluble bases, but in this case, where the rock invades masses of sandstones, fra^ 
ments of quartz are caught up and infiltrations of silica would naturally be expecle . 
The following results have been obtained • 


Nature of the rock, 


Sp, Gr. 


Snica per cent. 


9*876. Olivines partly d(‘composed . » • ♦ 

9*105. Olivines completely hydrated , . . • 

8*284. Rock much decomposed* with secondary quartz . 
8*283. Ditto ditto 

8‘a8a. Vesicuhir rook containing much secondary silica . 


2*99 

2*80 
2 77 
2*45 


40*25 

41*38 

48*48* 

Sr68* 

57 * 88 * 


> C/. RosenbuscU, Micro. Phys, (Iddings) i888, p. 213. , , ^ , t» 

9 Cf, Delessc, Amt. des Minoi,, Sthser. vol. XU (*$ 57 ). P* * 449 * l‘f /1 « Uji 

eit o 118 I.L Bell, Proe. Soy. Sw.. vel.XXIlI (1875), p. 547 . J S. Diller, J 7 . 5 . Geol 
.No 3S .9. E St«het, «!», «»., roL !X (. 888 ), pp. .90, . 95 . 

J»Pf«.;fqy.ii«.E 8 .vol.XV(i 8 S 8 ),p.. 7 a. 

Wedding, Basic Bessemer Process, Eng. Bd. (iSpUi P* * 7 ®* 

' iZjJi iy Mr. T. R. Blytbi Bom. ««■. ' f 8' 
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Microscopic characters. 

28. The ntimctoun specimenb which have been collected from different parts 
ol the coal-lields exhibit a wide viuiation in stincturc and, within small limilb, a 
variation in mineral compoj>ilion. There is no difficulty in recognising the fact that 
the selvages of the dykes arc finer in grain than the portions nearer the centres, 
and that the middle portions of the larger masses arc more perfectly crystalline 
than the smaller veins which branch from them. But, as the face of a dyke is 
generally a plane of water circulation, the selvages and — for the same reasons — ^the 
smaller veins have been in all cases much decomposed, with the destruction of the 
glass which was very probably amongst the original constituents. (See para. 35.) 
With the exact knowledge, however, obtainable from the undccomposcd types there 
Is little chance of error in identifying the shapes of minerals whose places have, since 
consolidation, been idled with such secondary products ns quartz and rhomhohcdral 
carbonates. 

Minerah.^liha minerals which enter into the composition of these rocks arc as 
follows : — 

Primaiy (approximately in ordoi of crystallization).— 

Apatite. 

Olivine. 

Spinelloid iron<otes (Magnetite, Chromite) and Ilmenite. 

Riotilo. 

Anthophyliite 

Augiio, 

Doubtful matrix in small quantities. 

Secondary-^ 

Serpentine. 

Magnetite* 

Perofskitc. 

Rhtnnbohedral carbenalcs, chiofiy dolomite. 

Hydrated oxhlcs of iron and day. 

Pyrites, 


Primary wine.rals, 

29, Apatife (Plate I, figs. 1, 2, and 3) occurs in slender prisms sometimes 
3 mm. tong and seldom measuring more than 0*15 mm. across. Basal sections arc 
hexagonal in shape with .sharp angles, exhibiting undoubted isolropism. The centres 
are often darkened by numerous cavities disposed parallel to the vertical axis and 
sometimes arranged in zones (9*105). Occasionally, however, the apatites arc free 
of such Inclusions (9*876, 8*723). Longitudinal sections are jointed transversely, 
and show low double refraction polarising in characteristic greys, with unmistakeable 
straight exdnction, The quartz-wedge plainly shows the negative character of the 
double refraction. 

Treated with hydrochloric acid the crystals are dissolved, leaving empty spaces 
on the slide ; the solution readily gives a yellow precipitate with ammonic molyb- 
date. 

Apatite occurs only in comparatively small quantities in the Darjiling speci- 
mens (8*723) and is most coiwpicuously developed in those from Giridih {9*104, 
9*105, 9*876). amounting to over.n per cent, of the rock. It withstands decom- 
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position longer than any of the constituents of the rock except biotite, and is found 
in scatteicd needles in specimens in which the olivines have been completely 
replaced by carbonates ig’877). 

Apatite as usual is included by all other constituents, but most rarely by the 
olivines. The excessive quantity of this mineral in view of previous descriptions 
of igneous locks, and especially of peridotites, certainly seems surprising; but 
chemical analysis so completely confirms the microscopic^ characters that there is 
no question of its identity,* I have considered it necessary to give these details 
because this mincial has, apparently, been taken for plagioclase. Mr. Bose, whilst 
omitting to mention the presence of apatite in specimen No. 8*283, has referred to 
“ lath-shaped, badly-developed crystals of plagioclase occurring as individuals and 
exhibiting no twinning.”^ On examination of the original slide I should not hesi- 
tate to identify these crystals with apatite, whilst there is no evidence now of the 
presence of plagioclase (slide No. 563). 

30. Olivine (Plate I, figs, i — 4) occurs as large clear phenocrysts measuring 
sometimes as much as 10 mm. across (9*876), and as smaller crystals, which 
arc almost always serpentinised. The crystals are well-shaped, and sometimes 
have sharp edges preserved, Seipentinous hydration has developed along the 
characteristically irregular cracks with separation of magnetite dust. A common 
occurrence is a more or less circular crack cutting off an exterior zone, which is 
cracked radially and into small fragments, from a central mass which is cracked 
more irregularly ('fig. 4). The high refractive index and strong positive double 
refraction are those of olivine. Cleavage is sometimes developed parallel to the 
br ichy-pinacoid as shown by the position of the interference figure in macro- 
pinacoidal sections. Pieces taken from the clear porphyrltic crystals sank in a 
liquid of specific gravity 3*30. In a few types olivine still remains fresh (8*723, 
9*707, 9*876), but most specimens show either complete conversion into serpentine 
(9*105) or final replacement by rhombohedral carbonates (8*283), sometimes with 
secondary quartz (9*877). 

31. Iron-Ores {Magnetite^ Chromite) and Ilmenite (figs, i— 3)* — These are very 
variable in development. In the Darjfling specimens they are either absent or rare 
as primaiy constituents (8*723 and 9*707). In some Girfdih specimens they occur 
in numerous well-shaped crystals included in the biotite, but not in the olivine or 
apatite. Some of these granules transmit light of a brown-yellow colour, possess 
a high refractive index, and are isotropic. As this rock gives decided reactions 
for chromium, it is more than likely that these grains are chromite, which is so 
characteristic of ultra-basic rocks. 

* Mr. Marker in describing recently the gabbros of Carrock Fell has made the interesting 
observation that whilst apatite U scarcely to be found in most spedmens of the more acid 
v*irietios of the gabbros it becomes locally abundant in the highly basic marginal rocks. 
{Quart. Jown. Geol. Soc.^ vol. L (1894), p. 334, and plate XVII, fig. 4), 

A concretionary substance infilling joints and cracks in a Compact peridotite from St. 
Paul (Atlantic) contained considerable quantities of phosphate of lime, but Renard condnded 
that it was formed after the manner of common mineral incrustations and is, therefore, not 
comparable to the large quantities of apatite which exists as a rock-forming mineral in the 
Bengal peridotites under consideration (“ Challenger” Reports. Narrative, Vol* II, Report 
on the Petrology of the rocks of St. Paul (1879), pp. 16 and ai). 

* See.f Geol. Sutv., Ini-t vol. XXI (iS 83 ), p, 163* 
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32. Biotitc I and 2^ is preserved in all but the most decomposed varieties. 
The pleochroism is very slrikini>, chancfin/:? from deep red-brown to bright yellow* 
Numerous inclusions of apatite and olivine sometimes give the crystals an ophitic 
aspect (9'ro5), but occasionally clear crystal-outlines arc noticeable (9*7*^7)- Th® 
small optic axial angle is noticeable in basal scales. 

33. AulhophylUie (fig. 2), — In the Darjiling specimens, and to a less extent in some 
from Giridfh (tj’io/i, 9*105), there occur platey or divergent bundles of a mineral 
exhibiting most striking pleochroism. Cross-sections of these show prismatic 
cleavages like those of amphibole, and I am indebted to Prolessor Judd for calling 
my attention to the way in which those features can be paralleled amongst the 
anthophyllites. Between crossed Nicols sections show colours always of a lower 
order than the neighbouring olivines, whilst longitudinal sections show straight 
extinction. Ptrlial interference figures are obtained in the longitudinal sections 
which show pleochroism from deep claret-red to gamboge-yellow. From these the 
double reiraction appears to be negative. Other longitudinal sections showing 
pleochroism from straw-yellow to gamboge-yellow never give an interference figure 
in convergent ]iolarised light. The crystallographic relations of these features can 
be made out from the cross-sections, which show the characteristic amphibole 
cleavage : in these the pleochroism is claret-red (rays vibr.iting parallel to the 
macro-diagonal) and straw-yellow, (rays vibrating parallel to the brachy-diagonal). 
We see, iberofoi e, that the rays vibrating parallel to the vertical axis, as shown in the 
longitudinal sections, Ju*e gamhogo-ycllow, and as the interference figure is obtained 
only in the sections which show the claret-red to gamboge-yellow pleochroism the 
optic axial plane must be parallel to the brachy-pimicoid, and, the double refraction 
being negative, we h.xve the following optical scheme : — 

«=it, straw-yellow. 

/jssb, claret-rod. Absorption^ b>f>a. 

cssC, gamboge-yellow. 

The crystals are frequently marked by bauds of fine cavities which can only be 
individualisctl under i-8th inch objective. Along the edges and into cracks there is 
generally a bluish green fringe which seems to be a change to chlorite, polarising 
with very much lower colours. The grains were too small and too well intergrown 
with other minerals to permit isolation of pure material for chemical analysis ; but 
from the properties which can bo tested it seems safe to refer tliis mineral, as Pro- 
fessor Judd has suggested, to the group of rhombic amphiboles. Anihophyllite is, 
according to Roscnbusch, often found in serpentines. 

34. AugiU (fig. 2) occurs in colourless or pale green crystals often developed 
around biotitc. It occurs in the Daij fling rocks in very small quantities, and its 
intimate association with the amphibole suggests an origin for the latter, In the 
Giridfh 8pecimon-^ its distribution is variable, It occurs with the anthophyllite 
sometimos in considerable quantities (9*105), and aometimesis absent in specimens 
obtained from the same shaft ; in this case it is noteworthy that the amphibole is at 
the same time wanting (9*876). Unless represented by the microlites of the ground- 
mass it is absent also from the more compact varieties (9*109). 

35. Matrix (fig. 2), — In addition to the minerals described above, there occurs 
in the Girfdfh specimens a dirty matrix polarising with very low tints, either in small 
irregular patches like a partly deviirified gliss, or as a microcrystalline mosaic. In 
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some places it suggests felspar, but there are no signs of twinning or definite crys- 
tal structures and its quantity is very small. It appears like a residuary matrix 
(9*876, 9*105). Classing this substance as an altered glassy matrix seems to be 
the more justified from the occurrence in the American mica-peridotites of a glass 
presenting similar characters. In a mica-peridotite occurring as a dyke of late 
carboniferous age in Central New York C, H. Smyth, Jr., has recognised a glassy 
matrix which is not always devitrified.' A brownish-grey clouded material with 
similar relations has been noticed by Diller in a mica-peridotite dyke in Kentucky,® 
and similar material has been found in other peridotites, for example, in kimberlite 
from South Africa (H. Carvill Lewis) and in the Elliott county peridotite in Ken- 
tucky 0 - S. Diller). 

Secondary minerals, 

36. In all specimens the processes of hydration and the production of carbo- 
nates have commenced. Serpenitne, as usual, results from the hydration of the 
olivine, the change being attended with the separation of dusty magneiiie,^ In one 
specimen in which decomposition has well advanced small crystals imbedded 
in the serpentine exhibit the characters of pero/skiie. They occur as yellow, 
clouded grains generally diamond or spindle-shaped, measuring up to o 1 mm. long 
and 0-05 mm. wide. The grains when sufficiently clear to examine with polarised 
light show occasionally very stiong double refraction which seems to be due to 
carbonates filling the yellow shells. When quite brown, however, they arc isotropic. 
Removed from the serpentine with a sharp needle and fused with sodium-carbonate 
they gave a distinct reaction for titanium on being boiled with hydrochloric 
aci^ and tin. Diller has described as anatase similar grains in the seipentine 
pseudomorphous after olivine in the peridotite of Elliott County, Kentucky. 
G. H. Williams identified perofskite in the serpentine of Syracuse, New York in 
1887,* and at his suggestion Diller on re-examining the Elliott Country peridotite 
found that similar grains which had been doubtfully referred to anatase were 
really perofskite.^ Similar grains in peridotites have been referred to perofskite by 
C. H. Smyth (Central New York),^ by Diller (Kentucky)® and by Branner and 
Brackett (Arkansas).? The earbonaUs, which are so common in these rocks, ^ve 
the chemical reactions for dolomite.® These are found, sometimes with clear 
secondary quartz, infilling cavities from which decomposable minerals have been 
removed, As a final stage in the processes of decomposition, the magnetic oxides 


' Amer, ^ourn. Set,, 3rd Set., Vot. XLIII (*893), p. 334. 
» nid, 3rd Ser., Vol. XLIV (1893), pp. 287 and fl88. 

3 Utd, 3rd Ser., Vol. XXXIV (1887), p. 140. 

4 liid., 3rd Ser., Vol. XXXVII (1889), p. 319. 

• I/dd., Vol. XLIII (1893), p. 334- 


« /bid,, Vol. XLIV (1893), p. 387. 

Idid M Vol . XXXVIII (1889), p. S 7 . 

s Previous records of the occurrence of carbonates among the secondary products ^ 
igneous rocks which have intruded into carbonaeeons strata have already been referred to 
Unta p 133 ). In the case of the Elliott Co. peridotko similarly situated, the carbona,te wm fwnd 
Ifso to^;Sn magnesia (Diller. Inc. riL, p. 19). For further development of dolom,te from 
peridotite, see Wadsworth, Lithological studies, Mem. Mus. Comp. 

Vol. XI (1884), p. 139, and R. D, Irving, Fifth Ann. Rep., U. S. Geoh Surv„ 1883-84, . 7- 
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l)(*conie oxidised and hydrated, the Ctirhouatos removed in solution, and the 
aluminous minerals reduced to a soft yellow, biiil-coloured or red clay at tlic 
outcrop. 

Varieties due to difer cnees of mineral composition. 

37. All the rocks originally contained olivine in large quantities, but variations 
occur especially in the pi oportions of the augite and amphibole, and to a smaller 
extent, of the apatite. These ultra-basic rocks differ only slightly from the mica- 
olivine dolerites, which in the same way break through the coal-measures of the 
Barakar aica, but which 1 have not found in the Giridih coal-field.' 

The following arc the principal types of ultra-basic rocks represented, with 
the primary minerals given in approximate order of quantity, the most abundant 
first • 

(1) Olivino-mica-apalitc rock, with magnetite and chromite (9*876'>, 

(2) Olivinc-apatitc-mica-augite-anthophyllite rock, with small quantities of 

spinelHds (9*105). 

(3) Olivine- mica-apatitc-anthophyllito-augite rock, with spincllids (9*104). 

(4) Olivinc-raica-anlliophyllite-augite rock, with apatite (9707). 

’ (5) Mica-olivinc-anthophyllitc-augile rock, with apatite (8723). 

Varieties due to difcrciices of structure. 

38. The rocks vary from a fine-grained variety with a matrix probably originally 
glassy to varieties composed of crystals measuring 2 or 3 min. across with por- 
phyiiiic crystals of olivine quite 10 mm. in diameter. In the former type pheno- 
crysts of olivine occur in a piloia.\iiic matrix ; but biotitc, which is so promincul in 
other types, occurs in raic and small crystals ; being one ol the latest min('Kils 
ftnined, this is only whal might be expected. I’lro olivines are generally replaced 
by ihombohed/al t'arb(»nales with smaller quantities of a yellowish brown bmoiiitic 
product, evidently a further stage in the decomposition of the fcno-magnesiaii 
silicates, 'rhe apatite crystals are still preserved, and by their arrangement in 
directions appro.Nimately parallel to the junction with the sandstone, show the 
direction of pressure to which the rock was subjected before final consolidation 
(9*109, fig. 3). Rocks of this structure would be included under those referred toby 
Professor Cole as compact peridoitfes^t and arc equivalent to the puritc’-porphyriks 
of Roscnbusch and the UmherUU of Carvill Lewis. 

The holocrystallino types arc granitic in structure and require no further notice 
under this head. 

V.— Summary. 

39. The so-called “mica-traps” intrusive into the coaI-mcacurc.«i, sandstones, 

and shales of Lower Gondwana age in Bengal, prove to be 

'* Mica.trttpa.” highly phosphatlc ultra-basic rocks (paras. 26, 27, 

$ 7 )* 

^ The rock which for tho present ! have referred to as a mica-oIivino«clo1erito, is dis- 
tlngttlshed from the ultra-basic rocks by conti^ning considerable quantities of {eisp.*ir with a 
very small proportion of apatite ; its ms^netlte also occurs in long laths instead of in granules. 
On account of these pecuIiarHles, I have provisionally separated certain compaol and partly 
decomposed specimens from the ultra-basio group until by fresher specimens their characters 
can be traced out more fully. Specimens so separated occur so far only in the Barakar- 
Rdniganj coal-field. 

* Aida in Pract Geol, (1891), p. aao. 
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Structure. 


40. Members of the latter group invariably contain large quantities of olimne 

Mineral composition. hiotite with apatite, which is always abundant and some- 

times forms as much as 1 1 per cent, of the rock. Amongst 
the other primary minerals, augtie and pleochroic anthophyllile take a prominent 
place, whilst ihtieniie^ magnetite, and chromite are variable. Amongst the secondary 
minerals serpentine and magnetite are the earliest products of alteration. These are 
followed by petfi/shite and rhomhohedral carbonates which always contain mag- 
nesia. The final result of weathering is a feiruginous, yellow, buff-coloured 
or red clay (paras. 28—36). 

41. In structure the rocks vary from the coarse holocrystalline varieties which 

form the central portions of the large masses, to compact 
peridotite forming the selvages of dykes and the smaller 

veins. In the latter the phenocrysts of olivine, apatite, and magnetite occur 
in a pilotaxitic matrix which probably originally contained some glass (paras. i6, 
28, 38). 

42. The rock occurs as narrow dykes and intrusive sheets in the coal-fields of 

Ddrjfling, Ranfganj, Barfkar, Jherria, Deoghur, Girfdfh and 
probably Ramgarh, thus occurring in places more than 250 

miles distant from one another (paras. lo — 13). 

43. As these dykes arc younger than the Rdnfganj scries and older than the 

Raj mabAl traps we have a petrographical province of about 
Fanchet age (para. 14)* 

44. As far as can be judged from descriptions, there is an interesting analogy 

between these rocks and those intruding into the Kimberley 
A A""" AfMore in carbonaceous beds of about 

the same age as the Damudas, a diamond-bearing poridot- 
ite is also associated with basaltic dykes, which are the underground representatives 
of the sub-aPrial lava-flows capping the Stormberg beds, thus occupying a position 
corresponding to the Rajmahdl traps of Bengal (para, r). 


Occurrence. 


Geological age. 


VI.— Explanation op Plate I. 

Fig. I, Olivine-biotile-apatite rock with magnOtito and chromite. Central 
portion of a large mass in No. 7 Jogitand shaft, Giridih coal-field 
(9*876). 

Fig. 2. Olivinc-biotite-apatite-augite-anthophyllite rock with iron-ores and a 
decomposed grey groundmass. The olivines in this rock are 
almost completely serpentinised (9*105). From another dyke in the 
same shaft. 

Fig, 3. Compact peridotite showing fluidal structure by pressure at the selvage 
of a dyke intruding into sandstone, Apatite crystals occur as 
numerous rods; olivines mostly replaced by carbonates and 
limonite ; magnetite scattered through the pilotaxitic groundmass. 
Sibpore Colliery, Assensole (9*109) (see p. 140). 

Fig. 4. Crystal of olivine showing two series of cracks (9,876) (see p. 137). 

Fig, 5. Microlites developed by maintaining the artificially-produced glass 
of No. 9*105 at a bright red heat for 12 hours (see p. 134). 
Sp. gr. 2*99. 

All magnified x 45/2. 
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On a Mica-Hypersthene-Horublendo-Peridotite in Bengal — By Thomas 
H. Holland^ A.R.C.S., F.G.S., Deputy Superintendent ^ Geological 
Survey of India, 


I.—Introduction. 

Taking iho essential and primary constituents in their approximate order ol 
proportion, the peridolile Tiom Mdnbhdm described in this paper may be classed as 
an olivine-horn blendc-biotite-'hypersthcne-augite rock with accessory pyrrhotitc and 
pyrites. 

A certain amount of interest attaches to a rock of this composition — 

(i) On account of the very small number of peridotiics known in which biotito 
is a primaiy and an essential constituent. 

(a) On account of the still smaller number of mica-homblende-peridotitea 
known. 

(3) On account of the presence also of hypersthene which, with primary 

olivine, biotite and hornblende, forms a combination of minerals it seems 
hitherto undescribed. 

(4) On account of the proximity of this rock to the Bengal coainficlds in which 

mica-pcridotites of a very peculiar character pierce the sedimentary 
rocks in nil directions.^ 

(/) Previously described Mica-Peridotites, 

An (divht^hiife rotk with bhie*grcen spinel, tilaniferous iron, augito and 
plagiocluse iis actessoiies associated with tho gtibbro mass of the lluj!, was dc-^ 
scribed in 18H9 by Max Koch®. 'I'his seems to have been the first mica-peridotite 
descrilied. 

In i 8()2 C. II. Smyth described a micO’peridoiite occuning as a dyke of late 
carboniferous age in Genual New York.'* Tho structure of this rock in being dis- 
tinctly hemi -crystalline like kimberlite, agrees strikingly wth that of some of the 
varieties of mica-aputite-poridotites occurring as intrusions in the Bengal coal-fields. 

Later in the same year J. S. Diller published an account of a mica-peridoiite 
from Kentucky describing it as a dyke-rock composed essentially of biotile, ser- 
pentine and pciofskite, with smaller proportions of apatite, muscovite, magnetite, 
chlorite, calcite and some other secondary products. In this rock also there are 
considerable quantities of a brownish grey clouded material without crystallographic 
outline or such physical features as dcfiDiicly indicate its origin.* From the de- 
scription it resembles the substance which in the mica-apalite-peridotites I have 
refoned to decomposed and dovitrillcd residuary matrix. 

^ The locality in which tho rock was found is on the southern border of the Jherria 
eoai-Boid and is only 36 miles west of ttaniganj. The poridotites referred to are described 
in a sopArate note < 3 eol, Surv„ Ind.f voU XXVII (1894), p. lap)* 

^ Zeiisekff d, Deutsoh, g«ol, G 9 S,, vol. XLl (1889), p. 163. 

* Amer, Journ. Sd , 3rd ser,, vol, XLIII (189a), p. 322. 

* Am«r> youtn. Sd,, 3id ser., vol XLIV (1892), p, 28d« 
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{2) Previously^descrihed Mica^'H ornhlende-Peridotites, 

The well-hnown Sehilhrfeh of Schrieshefm In Baden described by Cohen is a 
homblende-pciidolile (hudsonite, coitlandlite) with mica, which apparently is less 
prominent than in the Mdnbhum peiidolite.^ 

The nearest ally to the Mdnbhdm specimens seems to be the rock described as 
scvelife (mica-hornblende-picritc) from Caithness by Piofessor Judd. In this rock, 
however, the pyroxenes which once existed have been completely changed to am- 
phibole.®* 

Amongst the peridotites of the Cortlandt series near Peekskill, New Yoik, the 
late Prof. G. H. Williams described as hornblende-peridotite {cortlanditie) a type in 
which, besides the essential constituents hornblende and olivine, there occur hy- 
persthene, augite, biotite, felspar, spine llids and pyfrhotite in subordinate qtiantities.* 
This rock, therefore, very nearly approaches the Mdnbhdm peiidotite, but the biotite 
again appears to be far less prominent. 

In 1892 Messrs. Dakyns and Teall described an enstaiite^iallage-hornhlende^ 
hiotiie-oImHe rock from amongst the plutonic intrusions near the head of Loch 
Lomond in Scotland.^ In this rock the small quantity of both biotite and olivine 
remove it from the Mdnbhdm type. 

The rock described in 1880 by Sir Archibald Geikie as a piertte from the Island 
of Inchcolm, Filth of Forth, contains olivine and its serpentinous products, augite, 
biotite, plagioclase and its secondary products, and iion-ores with, according to 
Mr. Teall, hornblende and apatite. The hornblende, however, is variable and 
sometimes absent, whilst the biotite occurs only as occasional long scales and 
according to Mr, Teall is possibly of secondary origin.® 

Other described peridotites contain subordinate quantities of brown mica, for 
example, Pen-y-Carnisiog Anglesey (Bonney),® Gipp’s Land (Bonney),^ Pike 
county, Arkansas (Branner and Brackett)®, Elliott county, Kentucky (Diller)® 
Taberg, Sweden (Tornebohm),^® but in these cases there is an absence of the 
pyroxene, or hornblende, or both. 1 know of no case, therefore, similar to that of 
the M^nbhtim peridotitc. 

II. -Mode of occurrence. 

Specimens of this rock, labelled ** hornblende rock (No. 3*22), were collected 
by the late Mr. Fedden in the season 1865-66 near the Ijri river, west of Bhorro 
(iat. 23" 37'N., Long. 86° 30' E._) in the MAnbhiim district. It is associated with the 
'Other crystalline rocks near Chypabad and Palkuree, and according to Mr. Fedden 

* NeiMs fur 1885, vol. x, p. 242. 

* Quart, ^ourn. GeoL Soe,, vol. XLI (1885), P* 40 i) plate XIIl, fig. 8 

® Amer. fount. Set., 3(d ser,, vol. XXXI (18&6), p. 29. 

* Quart, fount, Gedl. Soc,, Vol. XLVlll (1892), p 112. 

® Geikie, Trans. Roy, Soe, Bd.t vol. XXIX (1880), pp. 506 -508, Teall, Brit. Petro- 
graphy, '1888, pp. 94—96, and plate IV, fig. 2. 

* Quart, fourn* Geol. Bqc.^ vol, XXXVII (1881}, p. 138. 

f MtH. Stag if Vol. VI (1884), p, 34* 

* Amar, fount. Srf., 3rd aer., vol. XXXVIll (x 889 ), P* So. 

* Ibid,^ 3rd ser,, vol. XXXII, (1886), p. 121, and Bull. U. S, Geol. Sura.^ No. 38, 1887* 
Neuss fahrb. Min, (1882;, vol. II, p. 66, 
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can be traced westward ihroiiffh Kuttoodoelo Haooolah, where it forms a large mass, 
llctwccn Jlotoopathar and Partand, 6 miles we.sUuorth-wesl, it is exposed in a mass 
running north-west and cropping out at right angles to the mica-schists and 
gneisses.^ 


in.— Petrological characters. 

The specimens exhibit in a striking manner the lustre-mottling which is so 
characteristic of hornblende peridotites ; and in this ease the structure is due to the 
bright cleavage-faces of the hornblendes and the opliilically disposed scales of 
biotitc, which often determine the fracture of the rock. The specific gravity is 
3'23t- 

Under the microscope the following minerals are distinguished : — 

Apnlite. 

OUvinp. 

Pyroxene (Ilypcrsthone aiul Augite). 

Biotilo, 

Hornblcndo. 

Magnetite. 

Pyrite and Pyrrhotite. 

Felspar, 

Apatite occurs in sparsely distributed crystals measuring up to 0*25 mni. 
in diameter. Rod-shaped cavities ate arranged parallel to the vertical axis. 

Olivine^ colourle.ss and without crystalline form, is included by all the other 
minerals, A striking feature in this mineral is the separation of magnetite in 
stellar and dendritic markings reaching sometimes O’ i mm. long, like those de- 
scribed by Professor Judd in the oliviiuss of a pierite from llalival, Isltt of Rum.® 
In the olivines of this rock also the branches of the dendrites frequently exhibit 
rectilinear liiiiita as if bounded by the ed}»c.s of negative crystals in the olivines, 
and these straight lines are always parallel to a direction of extinctiou; they are 
parallel, therefore, to one of the cryalallograpluc axes. In sections ent at right 
angles to these inclusions they ajipear as lines and tows of dots ; on c.xamiuing these 
sections with a qtiartz wedge there is an appearance of thinning when the axis of 
the wedge is placed parallel to the inclusions ; the inclusions therefore cannot He 
in the brachypinacoid.® As only one set of inclusions is present they are presum- 
ably not parallel to the prism faces ; they are, therefore, either priallel to the 
macropinacoid or the basal plane. Several sections approximately parallel to the 
inclusions have been made, and these invariably give at least a partial interference 
figure ; as the optic axial plane is parallel to the basal plane in olivines, it may be 
concluded that the sections parallel to the inclusions are raacropinacoidal.* 
Irregular cracks traverse the oUvines in all directions and somoiimos cross the 

* Podden, MS. report 00 parts of MdnbWm and HajsaribJgh, rSd^-tJO. 

* Quart, foutn^ OeoU Soe.t vol. XLI (x8$5), p.381, and plate XII, figs, fl-7. 

* In olivine with positive double refraction (as shown by this m!ueral}-»a<"d, 
and a. 

* No cryatdllographic faces or trMtworthy cleavage cracks being exhibited, this statement 
has to be made withont the confirmation desirable. Tabular inclusions parallel to the macro- 
pinaooidftte murioosly lih$ the shapes o£ fayalite crystals. 
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dendritic plates. These cracks arc also filled with black material which is often 
arranged iu a dendritic fashion; but these lie in irregular positions, and the dcndiitic 
growths arc analogous to those of the well-known manganese-oxide infiltrations 
in the joint-plano.s of rocks. There are other cavities irregular in shape and often 
joined to one another by tortuous canals ; these are generally partially filled with 
black stones. 

The olivines in this rock show scarcely a trace of serpentinisation, and in this 
respect present a striking contrast to those of the mica-peridolites in the adjacent 
coal-fields. It is noteworthy also that in the latter rocks the dendiitic products of 
schillerization are quite wanting, 

Pyroscenes.'-'V^h&TX free of inclusions the hypersihene shows a distinct pleo- 
chroism in thin sections (pale pink to almost colourless). The majority of the crystals 
are schillerised, the plates lying, as in tliat from St. Paul, parallel to a direction of 
extinction. The colours between crossed Nicols are low. Polarisation-effects of a 
distinctly higher order are exhibited by a colourless mineral occurring in granular 
aggregates and less often as isolated crystals. In these crystals the rod-like inclu- 
sions crossing one another nearly at right angles are so nun^crous that a satisfactory 
determination of the optical properties of the mineral could not be made. All extinc- 
tions from the directions of the inclusions, as well as from the cracks occasionally 
presented, arc oblique, and as the mineral is unaffected by hydrochloric acid, it has 
been taken for colourless augiie, which would not be remarkable in this association. 
The crystals, loo, arc patched all over with green hornblende which has apparently 
developed by paramorphism. 

Hornblende occurs in two forms — a brown variety in crystals 40 mm. or 
more in length and including all the other minerals in the rock except biotite, and 
a green variety of later development, being the result of the paramorphism of 
aiigile and occurring in isolated patches with the granular aggregates of this latter 
mineral, as well as on the margins of, and in optical continuity with, the larger brown 
hornblendes. The extinction-angle of the large crystals is noticeably wide, the 
maximum measurement being 22°. The quartz-wedge placed along the direction 
of extinction in clinopinacoidal sections gives (with crossed Nicols arranged at 
45® to the quartz-wedge) an appearance of thickening. Taking this direction as 
the axis of optical elasticity jc we have the pleochroism • 

£= deep brown. 

n=very pale brown with a tinge of green; 
and from cross-sootions showing the characteristic prismatic cleavage, 

Jb » deep greenish brown. 

Sections, therefore, parallel to Jb and a are not strikingly pleochroic. Minute 
rod-like inclusions arranged parallel to the cleavage-cracks appear sparsely distribut- 
ed through the longitudinal sections. The green hornblende calls for no special 
remark. 

Biotite^ by its cleavage, often determmes the direction of fracture in 
the rock. It is intergrown with hornblende, and apparently is of later development 
than any of the other primary constituents. Basal plates show a very narrow 
optic-axial angle, and in the same sections numbers of brown and black plates, 
sometimes hexagonal in shape, are arranged parallel to the cleavage-plates. 1 
have not been able to discover thatllhesehave any definite crystallographic disposal 



Records of the Geological Survey of India, [voL. xxvil. 


* 21.6 

of theit edges with reference to the percussion-flgurc. Associated with the plates 
are fine hairs which arc often arranged at angles of 6o° to one another. These are 
generally referred to sagcnitic rutile, but a careful chemical examination of a number 
of flakes gave no reactions for titanium. Whether a portion or the whole of these 
inclusions aie primary or secondary cannot be decided by this specimen alone, but 
the fact that distinct schillcnzatron with definite crystallographic disposal of the 
secondary products is exhibited by the other minerals in the rock, points to a 
similar oiigin for the blemishes in the biotile. 

Iron-ores — The mannetiie is almost wholly secondary, the olivines being some- 
times almost opaque from the sepxiation of this mineral. Gianules of pyrrhoMe 
and pyriie measuring up to $ mm. in diameter are sparsely scattered through the 
rock. A test for metallic iron gave negative results. 

Plagioclasc occurs in very small quantity apparently infilling cavities as if 
of secondary origin. The crystals arc clear, unschillerized and generally twinned. 
Simultaneous extinction occurs in patches separated by distances of 2 mm. or more. 
The extinction-angles agree with those of labradorite. 


GEOLOGICAL SURVEY OF INDIA DEPARTMENT, 

TRI-MONTIILY NOTES. 

No. 2i.~ENr>iNo 3isr Ocrroiihn 1894. 


Rireclor's Office^ Calcttilat gist October j 8 i) 4 . 

The programme for the next field season (1894-95) has been arranged as 
follows 


SciKNTmc. 

Central India, — Mr. R. D. Oldham, Superintendent, 

Mr. F, N. Datta, Assistant Superintendent, and an AssisUmt Superintendent 
about to be appointed by the Secretary of State. 

Central Mr. P. N. Bose, Superintendent. 

A/adfrtj.— Mr. C. S. Middleiniss, Deputy Superintendent, 

Dr. Fritz KoetUng, Palaeontologist, 

SakehistaJk’-^Mr, F. H. Smith, Assistant Superintendent. 
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Sukkur Experimental Boring, and Economic Geology of Baluchuian • 

Mr, T. D. La Touche, Superintendent. 

Lala Hira Lai. 

Madras and Burma.—Ti)!. H. Warth, 

Chota Nagpore, — A specialist about to be appointed by the Secretary of State. 

The Director and Mr. Holland will be at Headquaiters during the coming 
season, 

Mr. Hughes, Superintendent, is stiU on sick leave ; Mr. Oldham re-joined his 
appointment on the 17th instant from furlough, during which he had occasion 
to visit the Galician oilfields with permission of the Secretary of State. Lala Kishen 
Singh is on furlough and Lala Hira Lai on privilege leave, which he re-joined on 
the 1 6th instant. 

During the last three months most of the officers have been in recess-quarters 
for the purpose of working up their maps and notes, and all have sent in their 
progress reports for the last field-season. 

Important work has been done and is still in progress in the Laboratory under 
Mr. Holland, who is ably assisted by Mr. Blyth, the Museum Assistant. The 
re-arrangement and cataloguing of the mineral and rock collection is a work of 
paramount importance, and it is hoped will be completed during the coming 
cold weather. 

Dr. Noeiling was engaged for several months past in working out and describing 
some important collections of fossils. The tertiary fossils of the Yenangyoung oil- 
tract have been described and figured and will shortly appear as paiyi of Vol. XXVI 
of the Memoirs* A still more important suite of fossils, namely those collected by 
the survey in Baluchistan, has been subjected to critical examination, and the first 
instalment of a new “series" of the Palmontologia Indica wjII be published as 
soon as the plates belonging to it are lithographed in the office. It will contain 
the jurassic fossils of Baluchistan. 

Tke mrfiow of the Gohna Lake. — It will be remembered that a landslip occur- 
red early in September 1893 and dammed up the Birahi Ganga which drained 90 
square miles above Gohna. The locality was examined by Mr. Holland early in 
March 894, when the lake waS nearly 3 miles long with a maximum width of i 
mile. Mr. Holland’s report described (i) the geographical and geological features 
of the Birahi Ganga valley, (a) a description of the landslip and lake, and (3) a 
discussion of the causes which led to the landslip. 

With regard to the second point he predicted : — 

(1) That the lake would be full and would overflow the barrier about 

the middle of August. 

(2) That the dam was strong enough to resist the pressure of the water 

before overflow. 

(3) That after overflow the lake would be reduced to one about 3 J miles 

long, and that this would remain permanent for some time. 

(4) That landslips would occur into the lake. 


o 



Records of the Geological Survey of India. [voL. XXVII. 


143 

The lake overflowed the dam early on the morning of August 25th, the stream 
flowing down the steep slope to the bed below Gohna. The erosion thus continued 
until late at night when a channel having been cut back to the lip of the lake 
a rapid recession of levels followed until the erosion was checked by reduction of 
the slope and exposure of large blocks of dolomite, by removal of the fine detritus 
forming the upper part of the dam. The lake left is about 3 miles long and over 
300 feet deep, with, according to the latest accounts, every chance of being histori- 
cally permanent, although its gradual destruction by silting up of the basin and 
gradual erosion of the dam will, geologically considered, happen at no distant 
time. The landslips which have occurred into the lake have with the silt raised the 
bottom nearly 100 feet. The dam is now quite firm and the outlet through the 
gorge cut in its upper partis over a rocky bed with a slope of about 1 in 15. 

In Ibis gorge, cut through a portion of the first of the two main falls, there are 
exposed, according to Lieutenant Crookshank, great bundles of strata 

dipping towards the south at an angle of about so", which he regards as a striking 
confirmation of Mr. Holland’s conclusion with regard to the peculiar character of 
the first slip in which Mr. Holland considered that the hill must have pitched 
forward and not have slipped down in stream fashion after the manner of smaller 
and more common landslips. (Records, vol. XXVII, page 59.) 


List of Assays and Examinations made *n the Laboratory^ Geological 
Survey of Iniiiai duriny the months of August^ September ^ and 
October 18^4. 


SubsUnre. 



For whom. 



1 Si«krim«n of quait?, N, Daita, (Icological 

With hon pyiil'es, t'oin .Suivvy of liidu, 
l)oa(fiH‘it hill, bhaii* 

data C, 1^., loi 

Gold. 

3 Specimens of manKuncse P, N. Datta, Gcolof'iral 
Ore {Brfiuntte with piiUf Satvey of India. 

from the Cential 
Provinces, 


Contains no Gold. 
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List of Assays and Examinations made in the Laboratory ^ Geological 
Survey of India, during the months of August, September, and 
October 'Continued. 



For whom. 


R^ult. 


g 3 

B 

« 3 | 

•I I 
s ^ 


I specimen fiom near Col. D. G. Pitches Diiec- 
Goonaj Gwahot, for ex- tor o£ Land Records, *^*Prous Calcite* 
amination. Gwalior State. 


P* N. Bose, Geological -. 2 — elide 1200. 
Valley, Reweh State Sutvey of India. i®So ® 


Fiom the Sone, Ranipuiwa, Ramnagar 
Tahsil. 

BrOTlTE-ONEtSSWITH LfcPTVNnE VEINS— 7- 
1 he hand-spedmen shows black-inlca gneiss 
with bands of leptynite arranged paral- 
lel to the direction of foltaSon. under 
the niicT(^o^ the structure is gianulitic 
to gi anitic. The minerals are i— Q ua? ter 
in bands of granules with liquid-bearing 
cavities in rows. Felspar, sometimes 
showing^ lamellar twinning. The cen- 
tral portions of the crystals aie ^rey or 
blown by the abundance of kaoU- 
nined products. 1 he margins are clear 
and appear sometimes to be ot serond- 
ary gi owth. BtoHie in 11 1 egular big lily 
pleochioic bundles a » gicenish-yel- 
low ; /3 and y m dark-green with al- 
most complete absotption. Seldom 
fringed with chlontc. Coleurloss mna 
occurs in very small quantity. Apatite 
in sparse stumpy crystals, /roo-iwes 
occur very rauly. Eptdoie is deve- 
loped in latge quantities* 

Slide 1300. 

From the Sone at Rampurwa, Ramnagai 
Tashil. 
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List of Assays and Examinations made in the Lahoratory^ Geological 
Survey of India ^ during the months of August^ September y and 
October continued. 



For wliom. 



Aphanite— 

Occurs in contact with ^eissose gpranite. 

The section under the microscope appears 
like a net-work ol finely, (granular 
gieen kornblettdt enclosing almost 
colourless augUst plagioelose felspar 
and possibly quortss. Granular iron- 
orc<i appear to be a product of the 
change of the aogitc. 


tRiraj Slide 1301. 

Sulttia nver, north of Sidi, Sahaol Tahsil. 
Aphanite— 

Occurs penetrating granite. 

The rock is composed almost entiielyof 
acUnoUtic hormlende and decomposed 
with mesh-Iike patches of iron., 
ores. By parallel artaogement of the 
fibres the actinolite sometimes shows 
simultaneous extinction over connuet- 
able areas. Originally tbe||iock was 
probably an augite-plagioclase rock. 


^ Slide 130a. 

a, Sahaol Tahsil. 

Quartz-Aphanitb, intrusive in the tran- 
sitions. 

Oifi^ers ftom the last only in the introduc- 
tion of quatte and in the numerous 
needles of apattie* 

'snln Slide i J03. 
l)coia, Sahaol lah&il. 

Decomposed amygdaloidal andesite, in- 
terbedded In the Bijawaitt. 

'Iho caviHcs at ranged in parallel bands 
have been in filled with ealctie and 
chlorite, Undei the microscope, theie 
is a ground ‘mass of felted microlitcs 
of two mineials, which, liom their dif- 
ferent double refractions, appear to be 
hornblende and fehpar. Opaque white 
patches scattered through the ground- 
mass could not be determined. Well- 
shaped and sometimes twinned crystals 
of epidote form the most sb iking feature 
in the sections. 


Slide 1306. 
BiorirE-GNBii 


Bio ri rE-oNBi sa with tBPrvNiTS veins 
like No, rim 1299, from the Sone, 
R&mputw&i iRowftli Stsid# 

Slide 1305< 

Amphibolite— 

Satnara, south-east of SIdi, Sahaol Tahsil, 
Dark'green tough rock with bright pheno- 
crysts of kontblande measuring up to 
3 mm, long. Ragged mosses of magne- 
Qte in fair quantity are made out under 
the microscope, but the large crystals of 
hornblende make up the principal mass 
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JList of Assays and Examinations made in the Laboratory^ Geological 
Survey of Indian during the months of August, September, and 
October 18^)4- concluded. 


Substance. 

For whom. 

Result. 

1 


of the rock. Th^ are imbedded in a 
fine-giained tnatrix of green hornblende 
and microcrvstallme aggregate _ of 
quarig and felspar in small quantities. 

ia, Slide 1307. 

Mica>SYaKiTE. Harbora, Sahaol Tabsil. 

Pink fehpar and small quantities of 
quarts with dark^grecn hornblende and 
chlorite are easily seen with the naked 
eye. Undai the mycroacope the tollow* 
ing minerals are distinguished 

ApaHte^ daik-greeo hornblende, bioHte 
almost completely changed to chloHte, 
felspar ptiadpallyortboclase, sometimes 
plagioclase always kaoltnised,and quarts 
in small quantities showing a feeble 
attempt at micrographic intergrowth 
with the felspar. 

Slide 1504. 

KURITB (oevitiified ihyolite approach* 
ing syemte*felsite), 

Ponn. east of Kua, Ramnagar Tahsll. 

The hand specimen is compact, has a 
conchoidal fracture and grey colour 
like many eurites. Phenocrysts of 
fehpar are more common than those 
of quarts which occur in small granules. 
Some of the fdspar is plagioclase. 
The matrix is microcryswUne and 
shows fluidal structuie. 


Notifications issued by the Geological Survey of India during the 
months of August, September, and October 18^4, published in the 
“Gazette of India/* Pari //. — Leave. 


L epartment. 

NTo. of Older and 
date. 

! 

Name of oGBcer, 

Natuieof 

leave. 

With effect 
from 

Date of 
return. 

Rbharss. 

Geological Sur- 
vey Depart- 
ment. 

3047, dated Sist 
September 1894. 

Dr. H. Warth, 
Deputy Super- 
intendent. 
Geological Sur- 
vey otlndia. 

Privilege. 

1 

! 

23rd Sep* 
tember 

1 1894. 

... 
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Annual increments to graded o-fficers sanctioned hy the Government of 
India during August^ September^ and October i8g4. 


Name of officer. 

Fi om 

To 

With cllticl 
from 

No. and date of 
sanction. 

Rbmakks. 

F. II. Smith, Assistant 
Supciinlendent, Gco- 
lof^fical Survey of India. 

jp 

410 

H 

440 

i 

1st August 
1894. 

Revenue and Agii- 
cultural Depait- 
menl No.^i?^* Sut- 
veys, dated 30th 
August 1894. 


T. H. _ D. LaTouche, 
Supoiintondcnt, Gcolo* 
gicdl Suiveyof India. 

800 

850 

ist Apiil 
1893. 

Do. No.*,*,iy f Surveys, 
dated 4tn October 
1894. 


Ditto 

! 850 

900 

ist Apiil 
1894. 

Ditto 


P. N. Bose, Ofliciating 
Supeiintendont, Geolo- 
gical Survey of India. 

950 

1,000 

Do 

Do. No.^®, Sur- 
veys, dated 4th 
Oclobei 1894. 



Notifications issued by the Government of India during the months of 
Au^ust^ September^ and October 1894^ puhluked in the “Gazette of 
India/' Part L'-~Appointmenij Confrinatiorty Promotion^ Reversion 
and Retirement, 


Depailraont. 


Rovenuo and 
Aprrt(nilaiA.l 
Uopartmcal. 


Ditto . 


Ditto « 

Ditto , 
Ditto « 


No, of oi<let 
and d.Ue. 




,Suiv(«y*i, 


dfitof! 21 St 
An ({ust 
1S94, 

Do* , 


dated tilh 
October 
i 8 {) 4 > 

Do. 

Do. 


Nanip ol 
ottn.01. 


T.n.n.u 
I ouche. 


T. II. Hob 
laocl. 


P. N. Bose; 


C.S. Middle.! 
mis#. 

P.N.Dfttla. 


Prom 

1 

lo 

1 Nat lie of 
appoinl- 
inent, etc. 

With effiM t 
from 

Rkmarkb. 

Otliciating 
Haporin- 
tendent, 
(^ologu* d 
Suivpy of 
India. 

Snpwin- 
tcndcnt , 
Gcologi- 
c.d Sui- 
vcy of 
India. 

LSmIk tan live, 
peinmnent. 

17th July 
1894. 


Assistant 
Supet in- 
tendent, 
Geological 
Suivey ol 
India. 

Deputy 
Superin- 
tendent, 
Geologi- 
cal Sur- 
voy of 
Indi.a. 

Ditto 

Ditto 

i 


Deputy 
Snpc 1 1 n- 
tendont. 
Geological 
Siitvey of 
India. 

Supeiin- 
teodent, 
Geologi- 
cal Sur- 
vey of 
India. 

Oniciating. 

Ditto . 

1 

Ditto « 

Ditto . 

Ditto • 

Ditto , 


Assistant 
Super in* 
tondent, 
Geological 
Survey of 
India, 

1 

Deputy 

Superin- 

tendent, 

' Geologi- 
cal Sui- 
vey of 
Indift;^ 

Ditto . 

Ditto . 

4 t« 

1 
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Na.tne of Officer. 

T. W. H. Hoombs . 

R. D. Oloham . 

T, H. D. LaTouche . 

P. N. Bose . . . . 

C. S MlDDLeUlSS . 

H. Warth . • 

T* H. Holland . . 

P. N. Datta 

W. B. D. Edwards . 

F. H. Smith 
F. Nobtung 

HiRA Lal . . . , 

Kishbh Sinqh . . . 


Postal add) ess. 

. On furlough • 

. Rewa . . 

. Sukkur . 

. Raipur 
. Ootacamund 
. On privilege leave 
. Calcutta . . 

Rewa * 

. On furlough , 

. Quetta , 

. Calcutta 
. Sukkur 
. On furlough 


Neatest Telegtaph Office. 

n* 

Rewa. 

Sukkur. 

Raipur. 

Ootacamund. 

«« « 

Calcutta. 

Rewa. 

Quetta. 

Calcutta. 

Sukkur. 
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DONATIONS TO THE MUSEUM, 

From ist August to 31ST October 1894. 

A core of Barakar sandstone from Giridih (Karharbari) coal-field) 300 feet below 
surface of ground) and 600 feet above lower coal seam. 

Presented by Dr. W. Saisb, A.R.S.M., F.G S., 

Managerf E. J. Ry, Collieries, 

Specimens of the crystalline rocks in the neighbourhood of the Giridih coal-field. 

Presented by Dr. W, Saise, A.B.S.M.) F.G.S., 

M onager i E. /. Ry. Collieries. 

Specimens of mica*peridotites and doleiites from dykes in the neighbourhood of 
Asansol. 

Presented by Dr. W. SaisE) A.R.S.M.) F.G.S.* 

Manager, E. L Ry, Collieries, 

Specimens of mlca-peridotite and dolerite from Dhadka) Asansol. 

Presented by S. HesloP) F.G.S. 

Specimens of coal altered by intrusions of peridotite) CheranporC) Asansol. 

Presented by F. J. Aoabeg. 


ADDITIONS TO THE LIBRARY, 

Prom ist July to 30TH September 1894. 

Titles ofJSooks, Donors^ 

BecK) Dr* Ludwigi^iyva Geschichtc des Bisens. Abth. 1 I> lief. 2—5. S** Braunsch- 
weig) 1893. 

BehrenS) Prof. H , — A manual of micro-chemical analysis. 8^ London) 1894. 

Bronn, br. G. H, — Klassen und ordnungen des Thier-R^chs. Band 1 II| lief. 2-3, 
and 10—14, 8°. Leipzig) 1894. 

BRtiHE) Carl Bernhard.’-^DBS Skclet der Krokodiliner. 4° WieU) 1862. 

Cooeby*s Cyclopoedia of practical receipts. 7th Edition. Edited by W. North. Vols. 
I— 11 . 8° London, 189a. 

CotteaU) G,— Echinides Nouveaux ou peu connus. Series I, Nos, i— 16, and II, 
Nos. I— 12, 8® Paris, 1858—1878. 

Daubri^b, a.— L es Regions Invisibles der Globe et des Espaces Celestes. Deuxi^me 
Edition, Vol. LXII. 8® Paris, 189a. 

Davies, E, U . — Machinery for Metalliferous Mines. 8° London, 1894. 

Foster, C, Le Neve.-^h Text-Book of Ore and Stone Mining, 8° London, 1894, 

Hull, E’.— Book on Mount Soir, Sinai and Western Palestine. 8** London, 1889. 

„ Memoir on the Geology and Geography of Western Palestine. 8" London, 
1889. 

„ Volcanoes : past and present. 8® London, 1892. 

Johnston, Pfo/.— Elements of Agricultural Chemistry and Geology. 8® London, 
1894. 

Kelvin, Baron W, T,*— Popular lectures and addresses. Vol.'ll. 8* London, 1894. 

Lartbt, Louis,^ — Exploration G6ologique de la Mer Morte. 4® Paris, 1877. 

B 
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Yiiles of Books , DonofSt 

Levy, A, Structures et classification dcs Roches Eruptives, 8® Pan's, 1889. 

Liversidos, d.— Origin of Moss Gold. 8® Pam., London, 1893. The Acthor, 

Louts, Henry. — Handbook of Gold-milling, with illustrations. 8® London, 1894. 

Mallard, il/. — Traite de Cristallographic Geometrlque et Physique. Tome I-II, 

and Atlas. 8® Paris, 1879. 

Mbunibr, 5 '. — Les Mdthodes dc Synthdse en Mineralogie. 8° Paris, 1891. 

Meter, £,. — Outlines of Theoretical Chemistry, translated from the German by P. P., 
Bedson and W. C. Williams. 8® London, 1892. 

Murray, J, A. New English Dictionary on historical principles. Part of Vd, 

HI, and Part V! II, Section i. 4“ Oxford, 1893*1894. 

Oldham, R, Z?.— River valleys of the Himalayas. 8® Pam., Manchester, 1894. 

The Author. 

Pbroh, .i^/^/to«$«.-~'De 3 crtption des Brachiopodcs, Bryozoaircs ct autres invertebrds 
fossilcs dcs terrains crdtacds de la Region sud des Hauts-Plateaux 
do la Tunisic, and Illustrations. 8® and 4® Paris, 1893. 

Pilar, Dr. G. — Grundzuge der Abyssodynamik. 8“ Agram, 1881. 

Return of Mineral Production In India for 1891. Fisc. Pam., Calcutta, 1892. 

Revenue and Agricultural Deyartmbnt. 

Review of Mineral Productions in India for 1893. bisc, Pam , Calcutta, 1894, 

Revenue and Agricultural Dbyartmbnt. 

Roberts-Avsten, W. C.— Introduction to the study of Metallurgy. 3rd Edition. 8® 
London, 1894. 

Rose, T. A'/rAr.—The Metallurgy of Gold, 8® London, 1894- 

Rothweld, A, P.— The Mineral Industry: its Slatistics, Technology and trade, in 
the United States and other counlrios, from the earlie.st times to the 
end of 1892 : being the annual sf.itistical siipplnment of the Enginoer- 
Ing and Mining Journal. Vol, 1 . 8® New York, 1893. 

SoUN, Charks A'.— Dictionary of the acUve principles of Plants. 8® London, 1894. 

Tarr, Ralph S.- Economic Geology of the United Slates, witli briefer mention of foreign 
Mineral IVuducts. 8® Ixtndon and New York, 1894. 

Valentin, W, G.— A Course of Practical Chemistry and Qualitative Chemical Analysis. 

Edited and revised by Dr. W. K Hodgkitison. 8th Edition. 8® 
London, 1894. 

Walmbsley, 0.— Guide to the Mining Laws of the World. 8® London, 1894. 

Woods. H . — Elementary Palaionlology— Invcrtebrata. 8® London, 1893. 


PERIODICALS, SERIALS, btc. 

American Geologist. Vol. XU, Nos. 4-*-6 j XIII, Nos. i*- 5jand XIV, No. i# 8® 
Minneapolis, 1894. 

American Journal of Science. Vol. XLVII, No, «8a to XLVIII, No. 384. 8® New 
Haven, 1894. 

American Naturalist, Vol, XXVIII, Nos, 330—332. 8® Philadelphia, 1894. 

Annalen der Physik und Chemio. Neue Polgc, Band LU, heft 3*4 1 and LIU, heft 1-2. 
8® Leipzig, 1894. 

Annals and Magazine trf Natural History. 6th series, Vol. XIV, Nos. 79—81. 8® Lon* 
don, 18941 
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Tttles of Books. Donors. 

Alhcnzouw. Nos, 3477'~'348g. 4° London, 1894. 

Beiblattcr zu den Annalen der Physik und Chemie. Band. XVIII, Nos. 6—8. 8° 
I.eipzigf, 1894. 

Chemical News. Vol. LXIX, No. 1803 to LXX, No. 1815. 8® London, 1894. 

Colliery Guardian. Vol. LXVII, No. 1746 to LXVIII, No. 1758. Fol. Undon, 
1894. 

Geographische Abhandlungen. Band V, heft 4. 8° Wien, 1894. 

Geological Magazine. New series, Decade IV, Vol. I, Nos. 7—9. 8® London, 

1894. 

Indian Engineering, Vol, XV, No, 26, and XVI, Nos. 1—7, Fisc. Calcutta, 1894. 

Pat. Doylb. 

Industries and Iron. Vol. XVI, No, iii8 to XVII, No. 1130. 4® London, 1894. 

Journal of Geology. Vol, 11 , No. 2. 8° Chicago, 1894. 

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science. 5th 
scries, Vol. XXXVIII, Nos. 230—232, 8® London, 1894. 

Mining Journal. Vol. LXIV, Nos. 3068— 3080. Fol. London, 1894. 

Natural Science. Vol. IV, No. 26 to V, No. 39. 8® London and New York, 
1S94. 

Nature. Vol. L, Nos. 1285—1297. 8° London, 1894. 

Ncucs Jahrbuch fur Mineralogle, Gdologie und Palseontologie, Band II, heft 1-2. 8° 
Stuttgart, 1894. 

Neues Jahrbuch fiir Mineralogie, Geologic und Palaeontologic. Beilage— Band IX, heft 
t. 8® Stuttgart, 1894. 

Oil and Colourman’s Journal, Vol. XV, Nos 167— 169. 4® London, 1894, 

Palajontograpliica, Band XLI, lief. 1-2. 4® Stuttgart, 1894. 

Palmontologische Abhandlungen. Neue Folge, Band 11 , heft 4. 4® Jena, 1894, 

Petcrmann's Geographischcr Mitthcilungen. Band XL, Nos. 7-8. 4® Gotha, 1894. 

The Editor. 

Scientific American, Vol. LXX, Nos. 22—25, and LXXI, Nos. 1—8. Fol. New York, 
1894. 

Scientific American. Supplement Vol. XXXVII, No. 961 to XXXVIII, No. 973. 
Fol. New York, 1894. 

The Indian Empire ; its peoples, history and products. By Sir W. W. Hunter. 8® 
London, 1804. 

The Indian Engineer. Vol. XXI, Nos. 377—389 ; and Special Issue, No. i. 4® Calcutta, 
1894, The Editor. 

Tschermak*s Mineralogische und Petrographische JMittheilungen. Band XIV, heft i-2. 
8° Wien, 1894. 

Zeitschrift fur Krystallographie und Mineralogie. Band XXIII, heft 3. 8° Leipzig, 
1894. 

Zeitschrift fiir praktische Geologie. Jahrg, 1894, heft 7-8. 8* Berlin, 1894. 


GOVERNMENT SELECTIONS, REPORTS, etc. 

Bombay.— Selections from the Records of the Bombay Government, New series, Nos. 

229—232, and 376-277. Fisc. Bombay, 1894. Bombay Govbrkmbht. 
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Titles of Books, Donors 

India.— Administration Report of the Marine Survey of India for 1893-94. Fisc. Bombay, 
1894. Bombay Govbrnmjbnt. 

„ Administration Report on Railways in India (or 1893-94. Part I. Fisc. SimlUf 
1894. Govsrmmbnt of India. 

» Government of India Civil Budget Estimates for 1894-95. Fisc. Calcutta, 1894. 

Govbrnmsnt of India. 

„ India Weather Re>new, Annual Summary, 1893. 4" Calcutta, 1894. 

MbT BORO LOGICAL RbFORTBR TO GovBRMMBNT OF INDIA. 
„ Monthly Weather Review, March to May 1894. 4® Calcutta, 1894. 

Mltlorolooical Reporter to Government of India. 
„ Meteorological Observations recorded at 7 stations in India in the year 1893, 
corrected and reduced. 4° Calcutta, 1894. 

Meteorological Reporter to GovERNMtNx of India. 
„ Register of original observations, reduced and corrected, March to May 1894. 
4** Calcutta, 1894. 

Meteorological Reporter to Government of India. 
Rainfall data of India, 1893. Fisc. Calcutta, 1894. 

Meteorological Reporter to Government op India, 

Punjab. — Gazetteer of the Guzerat District, 1892-93. 2nd Edition. 8° Lahore, 1894. 

Punjab Government. 

„ Settlement Report of Ambala District, 1893. Fisc. Lahore, 1893. 

Punjab Government. 

„ Settlement Report of Karnal-Ambala, 1891. Flee, Lahore, 1891. 

Punjab Government. 


TRANSACTIONS, PROCKRDINGS, etc., OF SOCIETIES, SURVEYS, etc. 

Albany.— ‘New York State Museum Annual Report. Nos. .15-46, 8® Albany, 1892-1893. 

The Mu.skum. 

Baltimore.— American Chemical Journal. Vol. XIV, No, 8, and XV* Nos. 1—7, 8® 
Baltimore, 1892-1893. Jobns Hopkins University. 

„ American Journal of Mathematics. Vol, XIV, N0.4, and XV, Nos. i — 4. 

4® Baltimore, 1892-1893. Johns Hopkins University. 

„ American Journal of Philolog^y, Vol, XHI, No, 4, and XIV, No.s, 1—3. 

8® Baltimore, 1892-1893. Johns Hopkins University, 

„ Johns Hopkins University Circulars, Vol. XIII, Nos, 112 and 114, 4® 
Baltimore, 1894. Johns Hopkins University, 

„ Johns Hopkins University Studies in Historical and Political Science* 
Series X, No. le, & XI, Nos* i— 10. 8“ Baltimore, 1892-1893, 

Johns Hopkins University. 
Studies from the Biological Laboratory. Vol. V, Nos* 2—4. 8® Balti- 
more, 1S93. Johns Hopkins University, 

&A8BLr-*Verhatidluusoa der Naturforsebendon Gesellschaft. Band X, heft i. 8® 
Basel, 1893, Tbs Society. 
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BBKLiN.~>Abhandlungen der Kotiiglicben Akademie der Wissenschaften zu Berlin. 

4“ BctHn, 1892. Thb Acajjbmt. 

„ SlUitngbberichle der Konig, Preuss. Akad. der Wissenschaften zu Berlin. 
Nos. XXVI to XXXVIII. 8® Berlin, 1893. The Academy. 

Abhandlungen der Kdniglich Preussischen Geologischen Landesanstalt. 
Nene Folge, Heft 2 and Atlas; Heft 9, theilll; and Heft 12 — 15. 8® 
Berlin, 1892. The Institute, 

Abhandlungen zur geologischen spccialkarte von Preussen und den Thiirin- 
{psehen Staaten. Band IX, heft 4 to X, heft 5. 8° Berlin, 1892-1893. 

The Institute. 

Jahrbuch der KonigUch Preussischen Geologischen Landesanstalt und Berga- 
kadomie zu Berlin. Band XHI. 8® Berlin, 1893. The Institute. 
Vcrhandlungcn der Gesellschaft fur Erdkunde zu Berlin. Band XXI, No. 6. 
8® Berlin, 1894. 

Bombay. — Journal of the Bombay Natural History Society. Vol. VIII, No. 3. 8® 
Bombay, 1894. The Society. 

Bordeaux. — Aclcs de la Socidtd Linneenne de Bordeaux. 7"'’serle, Tome V. 8® Bor- 
deaux, 1893, The Society. 

BosTON.—Geology of the Boston Basin. Vol. I, part I. 8® Boston, 1893. 

. Boston Society op Naturae History. 

„ Memoirs of the Boston Society of Natural History. Vol. IV, No. ii. 4® 
Boston, 1893. The Society. 

„ Proceedings of the Boston Society of Natural History. Vol. XXVI, part I. 

8 ® Boston, 1893. The Society. 

„ Proceedings of the American Academy of Arts and Sciences. New series, 
Vol, XX. 8® Boston, 1894. The Academy, 

Breslau.— Jahresberichl der Schlesischen Gesellschaft fur Vaterlandische Cultur. 

No, 71. 8® Breslau, 1894. The Society. 

Brussels.— Bulletin de la Societe Poyale Beige de Geographic. Annee XVIII, No. 1. 

8® Bruxelles, 1894. The Society. 

Budapest. — ^Terraeszetrajzi Fuzelek. Vol. XVII, Nos. 1-2. 8®. Budapest, 1894. 

The Huncarian National Museum. 

Buenos Aires. — Boletin de la Academia Nacional de Ciencias en Cordoba. Tome 
XII, No. j. 8® Buenos Aires, 1890. The Academy. 

Caen.— Memoirra de la Societe Linneenne de Normandie. Vol. VII I, fasc. i. 4* 
Caen, 1891 The Society. 

Calcutta.— Journal of the Asiatic Society of Bengal. Vol. LXIII, Part 1 , Nos. 1-3, 
and Part II. 8® Calcutta, 1894. The Society, 

Proceedings of the Asiatic Society of Bengal. Nos. 5 — 7. 8® Calcutta, 
1894. The Society. 

Proceedings and Journal of the Agricuttural and Horticultural Society of 
India. Vol. X, 8® Calcutta, 1894. The Society. 

Records of the Geological Survey of India. Vol. XXVII, part 3, 8® 
Calcutta, 1894. Geological Survey op India- 

Survey of India Department Notes for May to August 1894. Fisc. 
Calcutta, 1894. Survey op India Department. 
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Cassbl. — Boricht des Vercins fur Naturkunde zu Kassel. No. 39. 8® Kassel, 1894. 

The Society, 

CiNCiNNATi,“-Journal of the Cincinnati Society of Natural History. Vol. XVI, No. 4, 
8® Cincinnati, 1894, The Society, 

CoPKNHAOEN.—Oversigt over del Kongelige Danskc Vidcnskaborncs Selskabs For- 
handlingcr. Nos, 3 (1893) and i (1894). 8° Kobenhaven, 1893 — 
1894. The Academy. 

Dbs MOINES. — First Annual Report of the Iowa Geological Survey. Vol, 1 for 1892, 

8° Dos Moines, 1894. Tub Sorvby. 

DuBLiw.—Proceedings of the Royal Irish Academy. Vol. Ill, No. a. 8® Dublin, 

1894. The Academy, 

„ Transactions of the Royal Irish Academy, Vol, XXX, part 12, 4'’ Dublin, 
1894, Tub Academy. 

„ Scientific Proceedings of the Royal Dublin Society, Vol. VII. part 5, and 
VIII, parts I — a, 8® Dublin, 1893. The Society. 

„ Scientific Transactions of the Royal Dublin Society. Series II, Vol. IV, No. 

14, and V, Nos. 1—4. 4®, Dublin, 1894. The Society, 

Edinburgh,— The Scottish Geographical Magazine. Vol. X, Nos. 7—9. 8® Edinburghi 
1894. . Tub Society. 

Glasgow, — G lasgow University Calendar for 1894-93* 8 “. Glasgow, 1894. 

Tub University. 

G6TTINOBN,-— Nachrichten von dcr Konigl. Gcsellschaft der Wissenschaften Eu 
Gottingen. Matheraatisch— physikalischc Klassc, No. 2, and Gcschiift* 
liche Mltthcilungcn, No, i. 8® Gottingen, 1894. 

The Society, 

Halle.— Katatog dcr Bibliotlick der ICaiserlichon Lcopoldiniach— Carolinischen 
DeuLseben Akadcmie dcr Naturforscher. Bund 11 , lief. i. 8® Halle, 
1893. Tiik Academy, 

„ Leopoldina. Heft XXVIII. 4®. Halle, 1892. The Academy, 

„ Nova Acta Acndemian Caesaroae Ccnpaldiiio— Carolinae Oernianicae Naturae 
Curiowrum. Tome I.VII— l.VUI. 4® llallo, 1892-1893. 

The Academy. 

Havre. — Bulletin dc la Socidtd Geologique de Normandie. Annce,s 1887—1889, Tome 
XUI. 8® Havre, 1890, Tub Society, 

Koniosbbrg.— Schriftun dor Physikalisch— Okonomischon Gcsellschaft. Jahrg. XXXIV. 

4®, Konigsberg, 1894. The Society. 

Lausanne, — Bulletin de la Soct^hS Vaudoise dcs Sciences Naturcllcs. 3** sirlc. Vol, 
XXX, No. 1 14. 8® Lausanne, 1894. The Society, 

London.— Catalogue of the Mesozoic Plants in the Department of Geology, British 
Museum. Part 1 . 8® London, 1894. Tub Museum. 

n Journal of the Chemical Society. Nos. 297— 349 (1887—1891)1 and 379— 
381 (1894). 11 “ .London, 1887—1891 and 1894, 

„ Journal of the Iron and Stool Institute, Vol. XLIV. 8" London, 1894. 

Tub Institute. 

„ Journal of the Society of Arts. Vol. XLII, Nos. 2169—2181. 8" London, 
I?f 94 » The Society. 
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London.— Philosophical T ransactions of the Royal Society of London. Vol, 184, parts 
A and Bj and List of Fellows. 4° London, 1894. The Society. 
Proceedings of the Royal Society. Vol LV, Nos. 331 and 333. 8" 
London, 1894. The Society. 

Proceedings of the Zoological Society of London. Part II. 8° London, 
1894. The Society. 

Quarterly Journal of the Geological Society. Vol. L, part 3. 8® London, 
1894. The Society. 

Report of the ()3rd Meeting of the British Association for the advancement 
of Science held at Nottingham in September 1893. 8* London, 1894. 
The Geographical Journal. Vol. IV, Nos. t — ^3. 8® London, 1894. 

Royac Ubooraphical Society, 
Madrid.— Boletin de la Sociedad Geograpfica de Madrid. Tome XXXVI, Nos 5—8. 

8® Madrid, 1894. Tbe Society. 

Manchester.— Memoirs and Proceedings of the Manchester Literary and Philosophi- 
cal Society. Vol. VIII, No. 2. 8® Manchester, 1894. The Society. 

Mblboukne.— Annual Report of the Secretary for Mines, Victoria, during 1893. Fisc. 

Melbourne, 1894. Dcpartubnt of Mines, Victoria. 

Moscow. — Bulletin de la Soclete Imperiale des Naturalistes de Moscow. Anned 1894, 
No. I. 8" Moscou, 1894. The Society. 

MdNiGH.— Abhandlungen der Math, Phys. Classe der Konig. Bayerische Akademie der 
Wissens. Band XVIll, Abth. i. 4® Mfinich, 1893, The Academy/ 
„ Sitzungsberichte der Mathematisch-physikalischen classe der K. b. Aka- 
demie der Wissenschaften Band XXII* heft 3 (1892), and XXIII, 
heft i-a (1893). 8® Munchen, 1893. The Academy. 

Naples, •^Rendiconto delP Accademia delle Scienze Fisiche E Matematiche. Series II, 
Vol. VIlI, fasc. 3—7. 4® Napoli, 1894, The Academy. 

New York,— Annals of the New York Academy of Sciences. Index to Vol, VI ; 

Vol. Vn, Nos. 6— 12, and VIII, Nos, 1—3. 8” New Vork, 1893-1894. 

The Academy. 

„ Transactions of the New York Academy of Sciences, Vol. XII. 8“ 
New York, 1892-93. The Academy, 

Newcastle-upon-Tyne,— An account of the strata of Northumberland and Durham 
as proved by borings and sinkings S-T, 8® Newcastle-upon-Tyne, 
1894. The Institute. 

„ Transactions of the North of England Institute of Mining 

and Mechanical Engineers. Vol, XLIII, parts 2—5. 8® Newcastle- 
upon-Tyne, 1893. The Institute. 

Paris.— Annates des Mines. 9“" sdrie, Tome IV, livr, 12, and V, livr. a— d. 8® Paris, 

1893. Department of Mines, Paris. 

Annu^re Geologique Univcrsel. Tome IX, fasc. 4, and X, fasc. i. 8® Paris, 

1894. The Editor. 
Bulletin de la Sociel6 do Gfiographie. 7®*serie, Tome XV, No. i. 8® Paris, 

1894. The Society. 

Comptes Rendus des Seances de la Societd de Geographie. Nos. 13-14. 8® 
Paris, 1894. The Society. 
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Paris.— Bulletin do la Sodetc Geolopfiquo de France. 3““ s6rie, Tome XXI, Nos. 2 and 
4—7, and XXII, Nos. 1—4. 8“ Paris, 1894. The Society. 

„ Memoires de la Societe G6o1ogique de France. Paldontologic. Tome IV, fasc. i. 

4® Paris, 1893. The Society. 

„ Bulletin de la Societe Mineralogique de France. Tome XVI, Nos, i — 8, and 
XXVII, Nos. 1—5. 8® Paris, 1893. 

„ Ministeredes Travaux Publics Carte Geologique de !a Franco et dcs Topo- 
graphies Soufteraincs. 8® Paris, 1893. The Ministry. 

PHiLitDEi.PHiA,— Journal of the Academy of Natural Sciences, and series, Vol. X, 
part I. 4® Philadelphia, 1894. The Academy. 

Proceedings of the Academy of Natural Sciences, Part III. 8® Phi- 
ladelphia, 1894. The Academy. 

Journal of the Franklin Institute. Vol. CXXXVII, No. 6f and 
CXXXVIII, Nos. 1—2. 8® Philadelphia, 1894. Tub lN.STiTtJTK. 
Proceedings of the American Philosophical Society. Vol. XXXI, 
Nos. 142 and 144. 8® Philadelphia, 1894* The Society. 

Pisa.— Atti della Societa Toscana di Scienze Naturali. Process! Vcrbali. Vol. IX, 

pp. 63 — *32. 8® Pisa, 1894. The Society. 

Roouestbr.— Bulletin of the Geological Society of America. Vol. IV, pp- 1—457, 8® 
Rochester, 1893. The Society. 

Rome.— Atti della Realo Accademia doi Lincci. Rendiconti, Sdrie V, Semc-slre I, Vol. 

III, fasc. 9 — 12, and Semestro II, Vol. Ill, fasc. 1—4. 8® Roma, 1894, 

The Academy. 

San Francisco.— Occasion.al paper.*! of the California Academy of Sciences. Vol. 

IV. 8 ® San Francisco, 1893, The Academy. 

„ Proceedings of the California Academy of Sciences. Vol, III. 8® 

.San Fr.'Hici'ico, 1893. The Academy. 

SPRlROPUStl).— Bulletin of the Illinois Slate Museum of Natural IIlHlory, No. 3, 

.Springfmld, 1893. Toe Mw.sbum. 

Sto<;rhoi.m;,— I''‘i>rliH*.Uning i KongU .Svenska Vetenskapa Akademiena, Af Kwnld 
Ahrling. 8® Stockholm, 1885. The Academy. 

I.efnad.slcckning.'ir of ver Kongl. Sven.ska Vetenskaps Akademiens. 

Band III, hafte i. H® Stockholm, The Aijadrmv. 

Mcleorologiska Inktlagelscr i Sverige. Serien 2 A., B.ind XVII. 4® 
Stockholm, 1889. The Academy. 

Ofversigt af Kongl. Vetenskaps A kadumiens Forhandlingar. Vol.^. XLVI 
to L, 8® Stockholm, 1893. Academy. 

Stuttgart.— Jahreshefte des Vcrelns fUr Vatcrlandmche Naturkunde in Wiirttemberg. 
Jahrg, L. 8® Stuttgart, 1894. 

Sydney.— Journal and Proceedings of the Royal Society of New South Wales, Vol. 

XXVU. 8® Sydney, 1894. The Society. 

M Memoirs of the Geotogical Survey of Now South W.ales. No. S* 4* 
Sydney, 1884. * The Survey. 

„ Records of the Geological Survey of New South Wales. Vol, IV, part 
1 $ and Contents and Index to Vol III. 8® Sydney, 1891* 

The Survey, 
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Sydney.— -Proceedings of the Ltnnean Society of New South Wales, and senes, 
Vol. VIII, part 4. 8° Sydney, 1894. The Socibt\. 

„ Report .of the Trustees of the Australian Museum for 1893. Fisc. 

Sydney, 1893. Museum. 

Tok. 10. — Mittheilungen der Deutschen Gesellschaft fur Natur und Volkerkunde Osta- 
siens in Tokio. Band VI, Supplement heft i j and heft 54. 4° Tokio, 
1894. The Society. 

Turin. — Alti della R. Accademia delle Scienze di Torino. Vol. XXIX, disp. 5— -9. 

8° Torino, 1893-1894. The Academy. 

„ Memorie della Reale Accademia delle Scienze de Torino, and series, Tome 
XLIIl. 4° Torino, 1893. The Academy. 

„ Osservazioni Meteorologichc fatte neil’ anno 1893 all’ Osservatorio della R. 

Universita di Torino. 8® Torino, 1S94. The Academy* 

ViBNlfcJA.— Abhandlungen der K. K. Geologischen Reichsanstalt. Band XV, heft 4-5, 
and XVII, heft 3. 4° Wien, 1893. The Institute. 

„ Jahrbuch der Kais. Konig. Geologischen Reichsanstalt. Jahrg. 1893, 
Band X Lll I, heft 1-2. 8° Wien, 1893. The Institute. 

Verhandlungen der K. K. Geologischen Reichsanslalt, Nos 5 — 9. 8° 

Wien, 1894. The Institute. 

Denkschriften der Kaiscrlichen Akademie dcr Wissenschaften. Band LIX. 
4° Wien, 1892. The Academy. 

„ Register zu den Banden 97 bis 100 dcr Sitzungsberichtc der Mathematisch— 
Naturwissenschaftlichcn classe der Kaiserlichen Akademie der Wis- 
senscbaftcn. 8® Wien, 1893. The Academy. 

„ Sitzungsberichtc dcr Kais. Akademie der Wissenschaften. 

Band Cl I, Abth I la, heft i— 7. 

»» I, M Ilb, „ 1— 7‘ 

„ I, mb, „ 

WAMiiNOTON.—Twclfth Annual Report of 
1889-1890. Parts I and II. 

Bulletin of the United States National Museum, 
ingion, 1894* 


tf 


»* 


*> 


1 — 7. 8" Wien, 1893. The Academy. 

the United Slates Geological Survty, 
8® Washington, 1891. The Survey. 

No. 43. 8“ Wash- 
Thb Museum. 

„ Report of the United States National Museum for the year ending 30th 

June 1891. 8® Washington, 1892. The Museum. 

„ Memoirs of the National Academy of Sciences. Vol. VI. 4® Wash- 
ington, 1893. The Academy. 

„ Smithsonian Contributions to Knowledge. No. 884. The Internal 

work of the wind by S. P. Langley, 4® Washington, 1894. 

The Institute. 

WblliKcton. — ^Transactions and Proceedings of the New Zealand Institute. Vol. 

XXVI. 8® Wellington, 1894. The Institute. 

Yokohama. — ^The Seisroological Journal of Japan. Vol. III. 8® Yokohama, 1894. 

The Society. 

„ Transactions of the Asiatic Society of Japan. Vol. XII, part I. 8® Yoko- 
‘ hama, 1894. The Society. 
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ZuRicir. — Neujahrsblalt herausgcfreben von dor Naturfursclienden (iwellschafL Jdhri*. 

i8go, No. 92. 8° Zurich, 1890. Tun Soc'Usty, 

„ Viertoljahrschrift dcr Natxirforschcnden Gescllschaft. Jahrg. XXXIV, heft 
3-4; XXXV. hcfll— 4; XXXVI, heft i. 2 ;;uid XXXIX, hoft 
8°. Zurich, 1894. Tin Socirrv 


MAP. 

Dr. HJSRMAisfNf.— Atlas der Geologie. Plsc. Geotha, 189 x. 
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RECORDS 


OP 

THE GEOLOGICAL SURVEY OF INDIA. 


Part I.] 


1895. 


IFebruary. 


Annual Report of the Geological Survey of India and of 
THE Geological Museum, Calcutta, for the year 1894. 


Dr. William King retired from the Directorship on the 16th July last, after a 

total length of service of 37 years, seven of which were 

a o t 0 urvey, Director. His services are briefly noticed in the 

Records, Vol. XXVII, page. 109. 

Mr. T. W. H, Hughes was compelled to retire from the 17th October, owing 
to an unfortunate accident, which has deprived him of his eyesight. 

Mr. W. B, D. Edwards, having obtained an appointment as Inspector of Schools 
in England, has resigned his appointment from the 4th November 1894. 

The vacancies thus created will be filled in due course by men selected by Her 
Majesty’s Secretary of State, 

Mr, William Anderson was appointed by the Secretary of State to be Mining 
Specialist on the Survey, and joined the Department on the isih November 1894. 

At the beginning of the year 1894, the officers of the department not on leave 
were disposed as follows 

Myself with Mr. F. H. Smith and Lala Kishen Singh in Baluchistan ; Mr. T. H. 
D. La Touche in charge of boring at Sukkur; Mr, P. N. Bose, Rewah; Mr. C, S. 
Middlemiss, Madras; Dr. H. Warth, Madras; Mr, P. N. Datla, Central Provinces j 
Mr. T. H. Holland and Dr, F. NoetUng at Head-Quarters. 

At the beginning of the present field-season the officers of the department were 
distributed as follows 


StJttJtnary of 


Mr. R. D. Oldham 
and 
„ Datta 

Mr. LaTouchb 
and 

Lala Hika Lal 
Mr, P« K. Boss 
„ Midplbmiss 
„ HottAHo 
„ Smith 
Dr. Nobtliho 
Mr. Andbrson 


* Rewah. 

) 

|‘Snkkur. 

• Central Provinces* 
, Madras. 

, Head-Quarters. 

, Baluchistdn. 

. Upper Burma. 

, Chota Nagpore. 


In the following notes will be found an outline of the 
work done during 1894, 
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During the season of 1893 to 1894 Mr. Bose surveyed a rather oxtensive area in 
jptftfaA RewaU and the ground cast of it, in all more than 2,000 square 

■p. N. Bose.* miles, of which, however, some parts had already been 

R. D. Oldham. reported on by Mr. Smith and Kishen Singh, who were 

P. N. atta. attached to the party under Mr. Hughes in 1893. Mr* 

Bose distinguishes the following formations Jn descending order;— 

4. Gondwanas. 

3, Vindhyans. 

2. Transitions. 

I. M etamorphics. 

and amongst the intrusive rocks : granite and diorite. 

He separates a schistose formation from the transitions proper, i, c, the represen- 
tatives of the Bijdwar system, and includes a belt of gnoissosc rocks amongst the 
former, being probably the result of local metamorphism of the schistose series 
by the intrusive granites. The lower vindhyans rest unconforraably on the transi- 
tions. 

Mr, Oldham has taken over charge of the Rewah survey this field-season, with 
Mr. Datta to assist him ; he has since had an opportunity of inspecting Mr. Bosc’a 
work, and has come to the conclusion that the so called “ gneiss ” of Mr, Bose is in 
reality an intrusive granite. Mr. Oldham has not yet been able to confirm the 
separation of the schistose beds from the transitions. If the “ gneiss ” is only 
intrusive granite, it seems very probable that the difference in lithological character 
between the schistose and transition series is due to contact metamorphLsm. Mr, 
Bose describes the two scries of rocks as conformable and renders their position in 
this manner in his section. 

1 myself crossed this belt of transition rocks further cauiwards some years 
ago and was struck at that lime with the general resemblance of the scries with the 
groat thickness of hods which underlie the lower Silurian of the I fimillayas, which 1 
had comprised under the imme of tire huimanlas and of whlcli the upjwr portion 
may possibly be correlated with the Cambrians. I still believe that this series of 
transitions underlying the lower vindhyans will turn out to be an equivalent of the 
haimanta group of the IIimdiaya.s. 

Mr. Datta is working at the lower vindliyans noith of the Sono and has been 
able to examine some sections in greater detail, but so far Hr, Oldluam suspects 
that the lower vindhyans (so-called) belong to a dilTcrcnt and unconformablo 
series to the vindhyans proper in which opinion he differs from Hr* Mallet» (See 
Vol. VII of the Memoirs.) 

Mr. Datta had been posted to the Bhandara District during the previous 
Cmiral fidd-season, and he was engaged at the l)Cginning of 1894 

p. N. Datta, 1893*94* On the geological survey of part of a still unknown ground 
P. N. Bose, 1894. jjj Central Provinces. He managed to go over two 
separate areas, namely, part of tho valley of the Kanhun river in Nagpur and 
Chindwara, and secondly, parts of the Bhandara district. lu the first-named district 
he came across a czystaUine and schistose scries widi intrusions and spreads of 
igneous rock, which is unconformably overlaid by laweta beds ; the latter proved 
tmfOBSiliferous. 

In the second or Bhandara area Mr# Datta observed crystalline rocks with 
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transition beds, the series forming the western extension of the Chattisgarh basin, 
A number of sections were examined in detail, but until the rock-specimens can 
be examined microscopically, not many new facts can be made out regarding the 
structure of that part of India. Mr. Datta has brought back a fine collection of 
hand-specimens for the museum. 

At the beginning of last field-season Mr. Bose was posted to the same ground, 
and he started work in continuation of the surveys of Dr. King in the Chattisgarh 
division. He believes to have met with confirmatory evidence in favour of the un- 
conformable superposition of certain beds over the Chilpi Ghfit series, which may 
possibly represent lower vindhyans in this area. It is a point, however, which will 
require much clearer evidence before this view can be finally adopted. It is 
directly opposed to both Mr, Medlicott’s and Dr* King's views (for the latter see 
Records, Vol. XVIII, p, 190). 

During December 1893, Mr, Middlemiss was transferred to the Madras Presi- 
Madras. dency, where he began a detailed investigation of the 

Mr. C. S. Middlemiss. mineral resources and petrology of the Salem district, with 
Dt. H. Warth. Special reference to the occurrence of corundum. 

During the first few months of 1894, a cursory examination of the ground was 
only made, but nevertheless some very valuable observations were the result ; he 
came to the conclusion that the corundum is not an original mineral constituent of 
the gneissose rocks in which it occurs, but is the result of a mineral change or 
metamorphism of the matrix rock. He infers this from the patchy way in which 
it occurs, from the zone, or shell of carbonate of lime and of quartz (at Sithampundi), 
and from the similar shell of pink felspar enclosing the corundum crystals in the 
IPSaparapatti rock. The general aspect is, as if it had segregated out in certain 
places, leaving an enclosing lenticular patch of altered gneiss and an envelope of 
another mineral behind. This field -season Mr. Middlemiss is provided with the 
necessary outfit for a microscopic examination of the tocks, and we may expect a 
large addition to a more exact knowledge of the petrology of Madras, which, it is 
to be hoped, will eventually form a useful and more or less complete guide to the 
crystalline rocks of India, He divides the Salem rocks provisionally as follows : — 

Crptallim gmime roch”^ 

(1) White and grey quartzo-felapathic rocks. 

(2) Purple and grey bioUte gneisstc do. 

(3) Hornblende gneUsic do, 

(4) Hypersthene gnetssic do. 

The above, though mutually interbanded in places, also predominate indivi- 
dually over certain areas. Hence they may be separated when traversing from East 
to West ; — 

(a) The Morappur band of hornblende gneissic rocks. 

(d) The Mokbunur „ hypersthene „ „ 

(ff) The Dharmapur! „ quartz o-felspathlc „ „ 

(d) The Paparapatti „ biotite „ „ 

with corundum. 

RoUcUion of the above varieties seems to be genuine, consisting of (r) layers 
of different width, often contorted, composed of different minerals, and combina- 
tions of minerals, (a) layers of different degrees of coarseness of grain. The 
rocks are not as a rule fissile to any extent along the foliation. 
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Inirasm rods-^ 

(A) . Purple granites art* non*foliated massive rocks, occurring sparsely and are in* 

traded along foliation of gncissic rocks. They often include large pieces of 
hornbicndic rocks. 

(B) . Dark traps, doleritic, composition nugite and piagtocl.ise, non-foliated, tough, 

massive dyke rocks, ciossing the foliation of the gncissic locks at right 
angles ; fairly numerous, but difficult to trace far, except locally. 


It was desirable to study the cretaceous beds of Pondicherry in greater detail, 
The rrciacsoun rocki collect therefrom good material for description ; Dr. 

of Pondickary ! Dr. H. Warth was deputed to do so, and he devoted the field-season 

of 1893-94 to this task. 


The fossils which were collected by Dr. Warth are somewhat dissappointing, 
both as regards numbers and preservation, hut they have been sent to Dr. Kossmat 
of the Vienna University, who is also engaged on the dclerrainution of the collection 
of crelaceoas fossils from Trichinopoly belonging to the Madras Museum. From 
a preliminary note which this gentleman has sent it appears that the entire scries 
of Pondicherry beds belongs to the Ariyalur group of Southern India. 

It will be remembered that a landslip occurred early in September 1893 and 
dammed up the Pirahi Gangs which diaincd 90 squ.ire 
Mr. T^.^H!**‘^oiland. above Gohna. Tlie locality was ej;amincd oy Mr. 

Holland early in March 1894, when the lake was nearly 
3 miles long with a maximum width of 1 mile. Mr. Holland's report described (i) 
the geographical and geological features of the Birahi Ganga valley, (2) a desciip- 
tion of the landslip and lake, and (3) a discussion of the causes which led to the 
landslip. 

With regard to the second point ho prcdiclctl— 


(i) That the lake ivould be full and would overflow the Iwrn'i'r about Ifio itiiddlti 
of August. 

(a) Tliat the diiin w.i*» ('noi4;h lo rrsiit Ibe pro'isuro ol llio w,it<'r bofote 

overflow. 

{ 3 ) Thai aftfir overflow tb« l.aka would hf reibioid f« one about 3l udloi) lutig, .md 
that tbi'i would reni.iin pi'nimnont lor sonu* time. 

(,p That lanOstip<i would urnir Into tlio lake. 


The lake overflowed the il-im early on the mnniing of Atigufit 25th, the stream 
flowing down the sleep slope to the bed below Ciohna. The ciosion thus continued 
until late at night, when a ciiannel having been cut back to the lip of the lake 
rapid recession of levels followed until the oro.siou was checked by reduction of 
the slope and cxpo.saro of large blocks of dolomite, by removal of the fine detritus 
forming the upper part of the dam. The lake left is about 3 miles long and over 
300 feel deep, with, according to the latest accounts, every chance of being histori- 
cally permanent, although its gradual <leat»uciiun by silting up of the basin and 
gradual erosion of the (Um will, gcolo/rically emnsidored, happen at no di.slant 
time. The landslips which have occurred into the lake Itavc witii Uio silt raiseil the 
bottom nearly too feet. The dam is uow quite firm and the outlet through the 
gorge cut In its upper pari is over a rocky bod with a slope of about 1 in ig, 

In this gorge, cat through a iwuiion of the first ol the two main falls, there are 
exposed, accordiug to Lieutenant Crookshwik, great bundles of strata dipping 
towards tho soutlt at an angle of about 50^ which be regards as a striking conllrma- 
tion of Mr. Holland’s conclusion with regard to the peculiar character of the first 



PART I.] 


Annual Report t 


5 


PunjAb. 

Dr. P. Noetling, 


slip in which Mr. Holland considered that the hill must have pitched forward and 
not have slipped down in stream-fashion after the manner of smaller and more 
common landslips. (Records, Vol. XXVII, page 59.) 

The alarming increase of accidents in theDandote coal-mines made an imme- 
diate inspection of the Dandote (Punjab) and Warora 
(Central Provinces) collieries desirable; the Inspector of 
Mines in India had not been appointed then (October 1893), 
and Dr. Noetling was therefore deputed on this duty. In addition to this inspec- 
lion. Dr. Noetling was able to add to our knowledge of the older palseozoic strata 
of the Salt- Range. He has since published his observations in a paper in the 
Records, Vol. XXVII, pages 71 to 86, which clears up many discrepancies in the 
Salt-Range geology. 

Mr. Wynne, who described the geology of that range in greater detail, was the 
first observer who insisted on the age of certain beds as older than carbonifer- 
ous and to be quite distinct from the latter. On the strength of Dr, Waagen^s 
determination of the few fossils which had then been found, these beds were con- 
sidered to be of Silurian age. Later on Dr. Waagen combated this view and 
claimed a lower carboniferous age for these beds, but modified this opinion as 
Cambrian trilobites were found, whilst his work, Vol. IV of Ser. XIII of the 
Palseontologia Indica, was in progress. 

Dr. Noetling, who had studied the Khusak section carefully (already well de- 
scribed by Mr. Middlemias, Records XXXIV, page 24) now divides the Cambrian 
system of the Salfr-Range as follows, in descending order 


4. Bhaganwalla group, or salt-crystal pseudomorph zone. 
3. jutana group, or Magnesian sandstone. 

2. Khossak group, or t^eobolns beds. 

I. Khewra group, or Purple sandstone. 


Each of which divisions he further sub-divides. 

The fossils which he has found, have been forwarded to Dr. Waagen for deter- 
mination. 

The boring for petroleum which has been put down atSukkur on the Indus has 

Sukkur boring. Steadily progressed, and it has been sunk to a depth of 957 

Mr. T. p. La Touche, feel. Considerable difficulty is occasionally experienced, 

LalaHiraLal. might have been anticipated. The 

practical result is so far although signs of escape of gas have been observed at 
depths below 800 feet, which afford some slight hope of obtaining oil further down. 
But the boring is not without some geologicalinterest, as it proves that the thickness 
of the strata is much in accordance with the estimate which I have given, which 
was practically taken from the Sharigh section. The lithological character of the 
beds passed through is very similar to that of the Sharigh section, and in some 
respects, particularly in the upper portion, very like the section near Khattan. As 
near Sharigh, so also at Sukkur, a great thickness of clays, alternating with thin 
limestone b^ds, and traversed by numerous gypsum veins and nests, occurs below 
the light colWed upper nammulitic limestone of Sukkur. 

The boring ought to reach the carbonaceous horizon within the next 200 to 
250 feet, if the section corresponds as closely with the Sharigh section, as seems 
likely* 
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Mr. La Touche reported in December 1894 that he had examined a spot about 
8 miles south of Rohri, where the freshly broken soil omits a strong smell of petro- 
leum, which may indicate llic escape ot oil below the thickness of alluvium. There 
is no rock ia silu within miles of the spot, but the question is being investigated 
now. 


BaluehistAn. 

C L. Grit“-bacli' 
W.B. D. Kdwards. 
F. II. SuiiHi. 

Lala Khhou Sing. 


Considerable progress has been made in the geological 
survey of Baluchisldn, which is, perhaps, one of the most 
interesting countries in tire woild, from a structural point of 
view. 


Mr. Edwards joined my party in the early part of the year and was told off to 
examine the .so-called Quetta coal-oieu. Before he could quite finish the task, he 
became seriously ill, which led eventually to his retirement this year. 

Mr. Smith joined my party in the autumn of 1893, and after continuing the work 
which Mr. Edwards had begun, brought it to a close during this year. 

He accompanied mo afterwards (Spring 1894) on a tour to the Mari country, 
which I undertook to study certain sections which Mr. Oldham had reported on pre- 
viously (Records, Voh XXV, pages 18 to 29). Mr. Smith was instructed to take up 
work in continuation eastwards of Mr. Oldham’s surveys, and he has since geologi- 
cally mapped some 2,000 square miles of very interesting country east and south- 
east of the sections which are reported on in the paper quoted. 

Mr. Smith has shown consideiablc acquaintance with field-work, and has pre- 
pared a number of working sections, drawn to scale. These, with the map, will be 
publishccl later on, when the survey of that country has been completed. 

During November and December 1894, Mr. Smith continued his former work in 
the high hills east and soutli-east of Quetta, which have now all been examined, with 
the re.sult of eoufirming in mo.st cases my lU.st conjectures, which 1 expressed in 
Memoir, Vol. XV 11 1 , pait r. When 1 visited that country in iBHo a dose study of 
the sections was impossible, owing to the disturbed state the frontier was in at that 
time, but I concluded from the general atruatire of the country, that the Takatu 
hill mass represented a section comprising both cretaceous and low(sr oocoue 
strata j Or. W. 'F, Blanford in his Memoir, Vol. XX, part a, combated this view, 
having bad better opportunities of studying this particular section. My view, 
however, has now been amply upheld by Mr. Smith's subsequent work, and not only 
have upper cretaceous rocks (with bclemnites) been found to constitute the main 
mass of the Takuu hills, but also evidence has been produced of the prcscnco of 
older (neocomian and Jurassic) limestones with fossils, 'Fhe uppermost portion of 
the hill-mass is lower nummulitic a.s represented in my memoir. A fault separates 
this section from younger eocene l>eds east and south-eastwards ; this fault may 
be observed for some distance and forms one of the great structural features of 
Baluchlstdn, 


Lola Kishen Singh was engaged in systematically collecting fossils from certain 
beds described by Mr, Oldham in the paper quoted above j in the end a very 
valuable collection of fossils has been brought together, which have since been 
examined and described by Dr, Noetling. The description will be published in the 
Palseontologia Indica as soon as the numerous plates can be lithographed ; the 
manuscript is ready for the press. 

The general result fully justified my original opinion tliat there is quite a sharp 
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division between the cretaceous and eocene strata. The examination of the fossils 
proved also the existence of a distinct neocomian and below it, of a jurassic hoiizon, 
A local unconfoimity occurs above the neocomian. 

The section at Mazdr Drik, which is merely a type of numerous similar sections, 
is as follows in descending order 


Middle ^ 

> Eocene , 
Lower 3 


Upper Cretaceous • 


6 Shales and sandstones. 

5 Grey limestone beds with numtnvlites. 

4 Calcareous grit, shales and limestone with an 
I abundant fauna of cepkalopods, echinotds, 
corals, foramini/erat etc. 

^3 Belemniie bearing series of shales and lime* 
stone beds. 


Neocomian 
Upper Jurassic 


Local unconformity* 

. a White and grey limestone with beUmnifes* 

. I Hard grey, thick- bedded limestone with a 
rich ammonite fauna. 


In the spring of 1894 , 1 instructed Kishen Singh to survey the area south and 
south-east of the Zarghdn and south of the Harnai and Khdst hills on sheet 21 - 

-^of the Baluchistdn survey, which he did satisfactorily, — ^in all 590 square 
miles. 

1 myself continued the work, which I had begun during the previous field-season ; 
the ranges which divide the Quetta valley from the Pishin and the Kdjak range 
were examined, and several traverses were completed, to settle the question of 
structure of these ranges. But there is still much to be done and it will require at 
least one more season’s woik to fill in the gaps on oar geological map of the 
country west and north-west of Quetta. The first 4J months of 1894 I devoted to 
the study and survey of the ranges which inclose the western Zhdb valley, and 
especially the mass of hill-ranges between Loralai and Khanazai. This was a 
continuation of my previous field-season’s work and the result is a fairly accurate 
geological survey of about 3,400 square miles, completed during the greater part 
of two seasons. In this part of Baluchistdn, I could distinguish the following 
divisions of strata in descending order : — 


Heceol 


(11) Alluvium; wide-spread deposits of sandy 
clays, conglomerates, and also in places, blown 
sands, which generally pass up imperceptibly 
from the next older formation. 


S (to) Red and white sandy okys with sandstone 
and conifiomecate beds, with much gypsnm In 
layers and strings. 

r (9) Sandstone, shales, and conglomerato of the 
Miocene and pliocene . . < ordinary Siwallh type ; fossil bOnes and casts 

^ of large gastropods* 

r (8) Great thickness of sandstone beds, very like 
Younger Eocene and Miocene . \ the Siwaliks in character, hot with occasional 

^ limestooe partings, which contain marine fossils. 
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Eocene. 


Upper 
Cr«*{ 1" 
teows. 


r ^7) Concretlonery limestone and shales with fowl 

G^at development of ) (6) Sandstones, shales, and clay. 
b.mc tfifneous locks, y /-I rp, . , 1, ^ 

Intrusions of later C lunestone with nuvimulite^;, 

d.ito. 


Inl(-b8M,.d ba^ic Sphtmiheu!, Cardiu„ 

locks; gabbro, tufa, j "ewM/wow/j, etc , etc. 

( (3) Shales and limestone with dflemmUs. 


Neocmniin . , , . (2) Thick limestone with neocOmian fossils 

Jurassic , . , « . (i) Massive limestone with Jurassic fossils. 

Alonjj; a £>rcat line of dislocation which runs along the Chinfan and Yusuf Kats 

valleys, 1 have met with what I must consider genuine “ blocs exotiques, " of 

caibonifcrous and triassic rocks, bearing losbils. The dislocation is characterizod 
by intrusions of basic rocks which obscure the position of these “ blocs.” It is 
hoped that more evidence of the same will be forthcoming during the next field- 
se isons. 

One of the most remarkable features of Baluchistan geology is the association 
or igneous r<)ck.s with the upper cretaceous and the lower and middle part of the 
eocene dcposiis. The first outburstl of basic rocks, as far as can at present be 
asceilainod, occurred in later cretaceous times ; at least evidence of viirtmons only 
have been met with in the jurassic beds, and even the lower part (limestone.*}) 
of the ujiper crelacious seems free from interbedded igneous rock, but on the other 
hand these boils show locally great iilteralion near intiuston.s of the latter 
examples: Kach near Quetta, (Jw-ll and other localities in the J^hdb valley, 7 'ho 
earlie.st evidences of I’oiitemporaueons igneous action meur in (he upper cretaceous 
bcleinuite beds, 'I’liis is seen clearest in the uppei JChdh valley, especially near 
(Jwdl. Clcrtain large areas of Baliichisutn (houIU of I litidu li.tgh mid Kdj'ak range) 
arc entirely made up of gicat outbursts and sprciuh of basic igneous rocks, with 
gahhro and .serpentine, lUtsocialed with a few hodimculary beds, which me much 
altered in plai es and quite hehi.stose in some. It is h.trdly possible to divide thi.s 
complex of rocks, as precisely similar condiiiouH seem to have continued right into 
middle eocene deposits. 1’he higher portion ol Uu.s facies, whitU maybe lompared 
to the Vlysch foimation of Kurope, csijcciully as developed in the Island ol’Klba,-.^ 
contains a few beds of limestone whicit yielded thus limiting the dura- 

tion of igneous action to the peiiod between the dojiosition of ujiper cretaceous and 
middle eocene beds. Quite unallorod limestone with ujiper eocene {Spintangi) 
fossils overlies the igneous facies ol the northein Xhdb and of the Kdjak range. 
All trace of igneous action seems to have died out during that cpo('h. 

The Ki'jak formation of .shales, Umcsloues and tuffucemis rock.s,— *in tilaccs 
(Ittlte schistose—I considered to be tertiary in tH8o (Memoirs, Vol, XV III) and 
later in 1884 (KocoriU, Vol. XVJlf, page sy), as possilily cretaceous ; probably both 
views are correct to some extent, and they may represent tho igneous facies rangintf 
from the upper crciacoous belemnite shales to middle eocene, and the formation 
may be a continuation westwards of the upper Zhdb rocks. They are also associated 
with some irregular beds of Umcsiono which contain large nummnUtes^ 

Connected with this great volcanic outburst are acid rocks, chiefly of the 
grantac family, which form part of the Khwdja Amrdn, and these may have been 
amongst the earliest eruptions which took place there,’ 
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There aie still 

Buima, 

Baluckist&n. 

Dr. Fiitz Noetling. 


a few questions of structural importance involved in the 
Yenangyoung oil-bearing tract and to clear up the same, 
Dr. Noetling was sent to Burma during this field-season. 
An exhaustive rcpoit on the oil-region will be brought out 


by him shoitly. 

During the hot weather and rains of last year Dr. Noetling examined and de- 
scribed the fine collection of cretaceous and jurassic fossils from Baluchistdn which 
will be published as series XVI of the Palseontologia Indica. 

During 1894, several officers were employed in practical investigations only, 

but in all cases where useful minerals were come across by 
Economic Geology. engaged in field work, such occurrences 

have also been reported on. 

Mr. LaTouche was during the past year, and is still, engaged in the trial boring 
for petroleum at Sukkur, Mr. Middlemiss has been engaged in the examination -of 
the corundum and magnesite deposits of Madras. 

Mr, Holland was employed in reporting on the Gohna landslip and has since 
been engaged in making numerous assays of minerals and rocks. 

Mr. Smith surveyed the so-called ‘^Quetta” coal-area, and has prepared a 
report which will be published. Dr. Fritz Noetling was deputed to report on the 
working of the Dandote and Warora coal-mines and has issued his reports on the 
same. He is now at Yenangyoung in Burma in order to finish his investigations 
of the oil-fields. 

Mr. Grundy, the Inspector of Mines in India, has issued his first report for the 
year ending ist July 1894, which has been printed and published. He has since 
inspected the mines in Mysore, Central Provinces and Rewah, and will proceed to 
Hyderabad (Dckfcan), the Punjab and Baluchistcin. 

Mr, William Anderson has been posted to Chota Nagpur to report on the sup- 
posed metalliferous belt of rocks. 

Amongst the notes on useful minerals made by officers engaged in scientific 
surveys only, may be noticed reports by Mr. Bose on iron-ores, pockets of man- 
ganese, traces of copper and veins of argentiferous galena (61 *60 per cent, lead 
and over 7 oz. of silver to the ton) in the Rewah State. 

Mr, Datta reports on considerable quantities of an iron-ore in the Sone Valley» 
which is used locally for iron-manufacture. 

Considerable advance has been made in the publication of the Palmontologia 

p . . Indica. Dr. Waagen has at last completed Vol.lV of series 

u ica 10ns. XIII, which deals with the ammonites of the ceratite beds 

of the salt-range. It is illustrated by 40 quarto plates and will appear shortly. 

Series XV of the Palseontologia Indica has been commenced, and will illustrate 
the large and most important collection of fossils from the Himalayas, embracing 
not only the specimens preserved in the Geological Museum in Calcutta, but also 
every known specimen found in the Himsilayas and preserved in the various Euro- 
pean museums. Part 2 of Vol, II of this series is completed, and will appear shortly, 
illustrated by 31 quarto plates, descriptive of the Muschelkalk fauna of the Hima- 
layas. Several other parts are in preparation. 

Memoirs, Vol. XXV, on the geology of the Bellary district by R, B. Foote, is 
nearly ready for publication, and the final sheets are being passed for the press. 



10 


Records of the Geological Survey of India, [VOi,. Xxviii, 


Vol. XXVI on the geology of Haztira by C, S. Middlemiss is in the press, and 
will appear shortly. 

Vol. XXVII, Part i on the miocene fossils of Yenangyoung by Dr. Noetling, is 
in type and will shortly appear; Pait 2 on the oil-fields of Yenangyoung is in 
manuscript, but will be ready for publication shortly after Dr. Noetling returns 
from Burma. 

• Mr. Holland has re-arranged and labelled the collection of minerals to corre- 
spond with the more modern classification adopted in the 
^^Musoam and Labor- edition of Mr. Mallet’s guide which has been re- 

written by Mr. Holland for the use of students. He also 
described a large number of rock specimens as contributions towards the work of 
classifying and arranging lliis portion of the collection. Where the dcsciiption of 
the specimens has given promise of results of more than local pelrographical 
interest, Mr. Holland has taken the opportunity of college vacations to work out ihcir 
characters more fully in the field. In this way we have obtained a fairly compre- 
hensive account of the distribution, and contact effects in the Bengal coal-fields of 
varieties of some new types of the remarkable group of peridotites. Amongst these 
the mica-peridotites which frequently contain anthophyllite and chromite are, from 
the excessive amount of apatite which they contain, most exceptional types amongst 
the known igneous rocks of the globe. The occurrence of these peridotites, which 
have now been found breaking Uirough the lower Gondwana series in all the 
Bengal coal-fields, forms an interesting comparison with the peridotites which are 
similarly intrusive in the carbonaceous rocks of about the same age in South Africa. 
The large number of specimens of the peiidotitcs and the altered and associated 
sedimentary rocks form a most iii.struciivo series in the Museum. In making this 
collection and in tracing out the field relations of the rocks, Mr. Holland has 
received most valuable help from Dr. Saisc, Manager of the Ka.si India Kailway 
Company’s collieries al Giridih* (A detailed description of these rocks appears 
in Part 4 of Vol. XXVTI of the Records). 

Mr. Holland has described another new type of peridotilo from the district of 
Manbhum which differs from previously known ones in containing hyperstheno 
associated with olivine, augite, biotUe and hornbloudo. (Records, Vol, XXVII, 
part 4>) 

The mode of occurrence of the rare mineral columbite has been examined at 
Pananoa near Nawaclih, East Indian Railway. Mr« Holland has found it in lumps 
imbedded in the quartz of a very coarse grained pegmatite dyke, intruded into a 
mica schist, which is crowded with tourmaline crystals. 

The list of assays and determinations made in the laboratory has been pub- 
lished in the previous volume of the Records, 

The work in the Museum was naturally interrupted during the early part of 
the year by Mr. Holland’s absence at Gobna and Naini Tal, but he attributes 
the satisfactory progross which has been made largely to the valuable work done 
by the Museum Assistant, Mr. T, R. Blylh. 

‘Whilst so much progress has boon made in the mineral gallery of the Depart- 
ment, it is much to be regretted that the paleontological collecticm is in a most 
unsatisfactory state, both as regards arrangement of Bpecimens and condition of 
the labels and cases. But this is entirely owing to the long absences of the Palseon- 
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tologist of the Survey, who for some years past has been engaged on entirely 
different work, such as reporting on the mineral resources ol Burma and the inspec- 
tion of collieries in India. But it is hoped that he will be able to devote himself to 
more scientific woik in future. A good beginning has been made by him in 
describing the miocene fossils of Burma and the cretaceous collections from 
Baluchistan, and we may reasonably hope to get the Palaeontological Museum into 
order during the next two years. 

There is much need of an efficient Assistant in that branch of the Department. 

The additions to the library amounted to 1,756 volumes, of which 777 were 
Library. acquired by presentation, and 979 by purchase. 


Calcutta, 

The 3rit Januaiy iSgs 



C. L. GRIESBACH, 
Director^ Geological Survey of India* 
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List of Societies and other Institutions from •which publications have 
been received in donation or exchange for the Library of the Geolo^ 
gical Survey of India during the year 18^4. 

A])Klaide, — R oyal Society of South Australia, 

Albany. — New York State Museum. 

Baixarat.— S chool of Mines. 

Dai.t(mori 5, — John Hopkins University. 

Basel. — Naturforschendo Gesellschaft. 

Batavia.— Balaviaasch Geonootschap van ICunsten en Wctenschappen. 
Belfast. — Natural History and Philosophical Society, 

Berlin. — Deutsche Geologischc Gesellschaft. 

„ K. Preus.s. Acad, der Wissenschaften. 

„ Iv. Pieuss ; Geologische Landcsansialt. 

Bologna.— Reale Accademia dcllc Scienze dell' IstUuto. 

Bombay. — Meteorological Department, Government of Bombay, 

„ Natural History Society. 

„ Royal Asiatic Society, 

Bordkaux. — Soci^td Linndcnne dc Bordeaux. 

Bos ION. — American Academy of Arts and Sciences, 

„ Society of Natural Ilistory, 

Breslau. — Schlesischc Gesellschaft fur Vaterlfindfschc Cultur. 
Brisbane. — Royal Geographical Society of Australia. 

„ Royal Society of Queensland. 

Bristol. — Bristol Naturalists’ Society. 

BRnssKL.s,— Atvid. Roy, des Snences. 

„ Socidtd Beige de Gcoji*raphio, 

„ „ Roy. Maliicologiqiie de Beliiiune. 

Budapiwt,— Kon, Ungarischo Gool, Au'-tall. 

Buenos Aires.— Acad. Nucional de Cicncias en Cordoba (Republica 

Argentina). 

Caen. — Soci^td Linndenne de Normandie. 

Calcutta, — Agriadlural and Horticultural Society of India. 

„ A.Hiatic Society of Bengal. 

„ Editor, Indian Engineering. 

„ „ The Indian Engineer. 

„ Indian Mmseum. 

„ Meteorological Department, Government of India, 

„ Royal Botanic Garden, 

„ Survey of India. 

Cambridor,— Philosophical Society. 

„ University of Cambridge. 

Cambridob, MAS.‘!.»«*Mu8cum of Comparative Zoology. 

Cassel,— V cieiit fur Naturkundo, 

Ckristiania, — Coramittco, Norwegian North Atlantic Expedition, 
Cincinnati, — Society of Natural History, 

CopBNHAGEN/— Kong, Danske Vidonskaberas Selskab. 

DstiRA Dun.— G reat Trigonometrical Survey* 
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Djis Moines. — Iowa Geological Survey. 

Dresden,— Naturwissenschaftliche Gesells. Isis. 

Dublin, — Royal Irish Academy. 

„ ,, Dublin Society. 

Edinburgh, — Geological Society. 

„ Royal Scottish Geographical Society. 

„ „ Scottish Society of Arts. 

ti tt Society. 

Florence, — R. Biblioteca Nazionale Centrale di Firenze. 

Glasgow. — Glasgow University, 

„ Philosophical Society, 

Gotha, — Editor, Petermann’s Geographische Mitthcilungen. 
GQttingen. — K. Gesells. der Wissenschaflen. 

Halle. — Academia Caesarea Leop.-Carol. Naturae Curiosorura. 

Havre. — Socidt4 G^ologique de Normandie. 

Konigsberg.— Physikalisch-Okpnomische Gesellschaft. 

Lausanne. — Soci^t4 Vaudoise des Sciences Naturelles. 

Leide. — i^cole Polytechnique de Delft. 

Leipzig.— Veiein for Erdkunde. 

LiisoE. — Socidtd G4ol. de Belgique. 

Lille. — Soci4t4 Gdologique du Nord, 

Lisbon. — Section des Travaux G4ol, du Poitugal, 

Liverpool.— Geological Society. 

London,— British Museum. 

„ Geological Society, 

„ Iron and Steel Institute, 

„ Linncan Society of London. 

,, Royal Geographical Society, 

„ Royal Institute of Great Brit.iin. 

„ Royal Society. 

„ Society of Arts. 

„ ZoSlogical Society. 

Madrid. — Sociedad Geografica de Madiid. 

Manchester, — Geological Society. 

„ Literary and Philosophical Society, 

Melbourne.— Department of Mines and Water-Supply, Victoria, 

„ Royal Society of Victoria. 

Milan. — Societd Italiana di Scienzd Naturali. 

Moscow.— Socidtd Imp. des Natur. 

Munich.— Kon. Bayerische Acad, der Wissensch. 

Naples.— Reale Accademia delle Scienze Fisfehe e Matematiche. 
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The Cretaceous Formation of Pondicherry by H, Warth, D. SC., 

(Tubingen), Deputy Superintendent ^ Geological Survey of India. 

The area which I was deputed to examine during January and February 1894, 
had last been visited by the late Mr. H. F, Blanford in i860, and was described 
by him in Vol. IV, p, 156 of the Memoirs, It is situated between the Red Hills 
of Pondicherry on the south-east and between what Mr. Blanford called the 
Tirvukarai ridge on the north-west, and is bounded on the south-west by the 
alluvium of the Ariankupam livcr. The total length js about 8, and the width 
4 miles. A large suiface of this ground is occupied by numeious tanks or 
artificial reservoirs for rainwater used for irrigation. Most of the area consists of 
level and cultivated fields, amidst which are a few isolated exposures of rock in situ. 
It is not nearly as favourable for study as are the cretaceous sections near Trichino- 
poly ; there t-be exposures of strata on eroded patches measure square miles, whereas 
in the Pondicherry area the;^ amount to acres or even square yards only. This 
gicat paucity of exposures has been repeatedly pointed out by Mr. H. F. Blanford, 
and if, notwithstanding this, the first explorers, Messrs. Kaye and Cunliffe 
obtained such large numbers of valuable fossils in i84o,,il will be shown further on 
how this may be accounted for. 

Mr. H. F. Blanford showed that the cretaceous strata may be separated into two 
distinct divisions : the lower Itie named the Valudayur group, which hitherto has 
been consideied to be equivalent to the Utatur group of Tiichinopoly, whilst the 
upper series he found to be identical with the Ariyalur group of Trichinopoly. 

Considerable confusion has taken place in the collections made in Pondicherry, 
and the object of my visit to that area was not only to obtain a large number of 
fossils, but to establish them in the various horizons. I have succeeded not only 
in separating the fossils according to the two main divisions, but I have been able 
to distinguish three successive hoiizons in each of these divisions. We have, 
tlierefore, altogether 6 horizons from which fossils have been obtained, the three 
lower of which constitute Mi. H. F. Blanfoid's Valudayur group, whilst the three 
upper ones are what he accepted as Ariyalur gioup. As will be shown later on, the 
whole of the strata must now be considered as Ariyalur group. 

The bedding of these horizons is either horizontal or a gently dipping towards 
Southeast. The general lithological character of all the beds is that of sand 
or sandy clay with calcareous nodules or concretions which are scattered throughout 
the whole formation. Only the uppermost horizon contains a continuous thin layer 
of limestone in addition to concretioM. 

Horizon A is the lowest sub-division and appears on the surface as a strip 2 miles 

Hor' on A, Separated from the Tirvukarai ridge by a band 

of alluvium ij miles wide which conceals all outcrops. 
Going from north-west to south-east, the first indication of the horizon consists of 
white sands with nodules of one foot thickness. These nodules or concretions 
contain traces of annelid channels only. They are, also stained with dendritic 
manganese, The Ipcalities examined are well-exacavations, J mile east-south-east 
of Lingaredipaliam and i mile north-east of Katarampokam. 

Next in ascending order we observe yellow sands with gravel, 1 mile east- 
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north-east of Katerikupam in the bed of the canal, and in the ravine i mile north- 
east of Vanur. The latter place is referred to by Mr. H. F. Blanford on page 157 
of his Memoir. 

Lastly, we have sandy clays with large concretions, which contain; annelid casts, 
they have a diameter of ^ inch, and some were up to 6 inches in length. They are 
usually curved. The concretions consist of cry.stalline calcitc with a distinctly 
botryoidal surface. They are usually somewhat lenticular, 2 feel thick, and of 3 feet 
diameter. I have searched for them in vain in the neighbourhood of the Ariankupam 
between Valudayur and Muterampalu, bul the concretions are well exposed at the 
following three localities which are on the same strike, from south-west to north- 
east The first is near Katcrikupam, whore the concretions show along a length of 
over J mile of the canal excavation. The blocks had about 2 feet diameter 
and the surfaces were decidedly botryoidal, proving their concretionary origin. 
The second locality is about S. niilcs south-west of Vanur ; the concretions are 
shown very clearly in several square wells. They form layers which have a slight 
inclination towards the soutb-east. Many of the lenticular concretions had about 

feet thickness and 3 feet diameter with botryoidal surfaces. In one well were 
80 many concretions and so close together that they presented the appearance of a 
continuous bed of limestone, 2 feet thick. The concretions contain numerous 
annelid burrows. I broke up one of the blocks entirely without finding a trace 
of any fossil. In the neighbouring fields were also scattered blocks of the 
same kind. Near the village of Wattai clo.se by, is a large square tank which i.s 
lined with the same blocks said to have been derived from the excavated tank bed. 
Many blocks of the concretions from horizon A are also seen in tlie lining of 
other tanks in the neighbourhood, frir instance at Vunur, Hut in the hut(‘r 
many stones had bvcn used, which must hav<5 be.eu brought from near Saidarara- 
pet in French territory, and belong possibly to horizon hi, and ate its*jally 
fossiliferous. It is not en.sy to tlistingulsh always tlie dillereni blocks from each 
other, But those from horizon A have no fo.ssil shelhs and arc hoiryoitlul, whilst 
certain fo8.sils show others at onte to have been derived from horizon E. 'J’he third 
place is the host of all the exposures. It is immediately south of the village of 
Andipaliam, where many concrelums are exposed on the surface, One of them 
was 2 feel by 4 feet by 6 feel. The concretions formed layens with a moderate dip 
to the south-south-east, many of them were also washed out of the matrix, but 
most prol)ably arc very near their original site. Some of the concretions containe<l 
quartz pebbles about a inches in length arranged in layers, 

I observed also some concretions about half a mile south-east of Olundiapati, 
in which I have not found any fo.s.sn, but which I am inclined to include in Itorizon 
A. 


The next higher horizon B contains fossiUferous concretions and has also yielded 
Horizon B. fossils from the sandy matrix, I incliule herein the 

exposure of yellow sands in 11 tank-bed, x mile south-mt of 
Vanur. At that place 1 found many minute bivalves and a few distinct Maculiies 
vagina, Onilm Vanur Tondicherry road, i mile north of Saidarampet, small bivalves 
occur In a while sand, which I include in B, although it is in contact with scattered 
blocks of horizon B. X also include with B large, slightly fossiliferous concretions 
and nodules, x mile south-south-east of Pulichapaliam. In the road ditch and in 
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some wells east of the road, I found fossiliferous concretions of large size, of 
which one has yielded a small ammonite. 

Horizon C ^ the most important of all, as it seems most probable that from it 
Horizon C. derived the cephalopoda which Messrs. Kaye and 

Cunliffe obtained about the year vS^o, The spot from 
which most these fossils appear to have come is north>north-east of Valudayur 
and north of Tutipet. It is from this place that I obtained the best fossils of horizon 
C, but some 1 found further north-east close to the village of Rautankuppam. 
I found in this horizon four small ammonites, several species of Hamiies, Bacu- 
Hies vagina in numerous well preserved specimens, many lamellibranchtaia, gas^ 
tropoda, etc. The list at the end of this paper refers to preliminary identifications 
by Dr. Kossmat 

The fossils occur in blocks which are not in situ, but washed out of the alluvia 
ground, and are largely used for building purposes, so that the supply is really 
limited. 1 have now used up all the loose blocks which I could see, and I doubt 
whether more will be found for a considerable time to come. Mr, H. F. Blanford 
considered the place already exhausted, as will be apparent from his remarks on 
pages 154, 155, 156, 158^ 163, Memoirs, Vol. IV, and page z of his account of 
Cretaceous Cephalopoda in the Palaeontologia Jndica. 

Mr. Blanford referred at some length to the ridge east of Valudayur on which 
he tmced the boundary between his Valudayur group and the overlying Ariyalnr 
group. This ridge is not a very prominent object in the landscape, and some of 
the exposures on it, which Mr, H. F. Blanford described, must since have dis- 
appeared. If the Topographical Survey map had been provided with contour lines, 
this ridge as well as the Firvukarai and Red hills ridges would be clearly shown, 
but although this is not the case, the ridge in question is marked by the space 
which it occupies between two rows of irrigation tanks, and a line drawn on 
the map from Tutipet to Akasampatti travels along the centre of the ridge. 
It rises about 115 feet above the sea and thus about 45 feet above the creta- 
ceous area to the north-west of it and 8^ feet above the level of the great Usteri 
tank lake to the south-east. Near Tutipet and Valudayur, the noith-west base and 
part of the slope of the ridge comprises horizon C. Towards north-east the ridge 
merges more or less into the more elevated country, and the exposure of hoiizon C 
near Rautankupam is on n^ly level ground. As will be seen hereafter, the south- 
east slope of the ridge about Tutipet, Karasur and Saidarampet coincides with the 
harder beds of the horizon F, and it is very probable that these limestone banks 
have been the cause of the preservation of the ridge. 

The horizon D is characterized by a continuous bed of sandy shale, several 
. feet thick, which is full of casts of shells, most of them those 

Horizon . UmelUhramhiata, Trigonoarta Galdnna, Maerodon 

yapeHcum, ^ledryonia unguUtia, etc. Otheis will be found on the list at the end. 
I also found a few ammonites and Baculites vagina and some specimens of nautilus 
two feet in diameter. A few specimens of ieiehiatula were also found in this 
horizon, also some corals and eehinoidea. Small fish teeth were numerous. 

A fact of Importance is the wholesale conversion of shells into phosphate, or 
rather the production of interior casts of shells consisting of rich black phosphate. 

C . 
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Some of the casta show also the impression of honey-combed cells one-fiftieth of an 
inch in diameter, most likely due to bryojsoa. In this same stratum are also nu- 
merous concretions of light brown colour, which are likewise strongly phosphatic ; 
they are of irregular shapes, resembling some organic structure. 

I found three very clear exposures of this horizon. The first in a well, a quarter 
of a mile west-south-west of Tutipet, the second is in situ on the surface of the road 
a quarter of a mile north Of Karasur, the thifd is in a well a quarter otf a mile west 
of Rautankupam on the west side of the Tinflivanara Pondicherry road. A Small 
exposure was also noted in a well, a quarter ofa mile north-west of RoyUpndupakam, 
In the Rautankupam well the sandy bed, which dontams the casts of shells, is 
also partly replaced by concretions of one foot thickness, in which fossils occur. 

Phosphatized shells are nw found in any of the other horizons, with the 
exception of the lowest portions of horizon E. Thcic are some phosphatic 
cores of light color in the centre of gastrojiods, in nodules of the ftpper part of 
horizon F, But these cotes are of quite different appearance to the phosphatic 
matter in D, and in much smaller quatitfty. The black phosphatized shells are a 
sure indication of horizon D and 'the overlying portions of horizon E. They arc 
seen in several places scattered over the fields mixed with other fossils, where no 
distinct exposures of the strata are otherwise seen. 

This horizon is important on account of the large number of nodules of shell 
. limestone it contains. A very great number of the nodules 

Horizon . Utilized for tank revetments and buildings in the 

neighbourhood. Many were also used for wiills, buildings and pavements in Pondi- 
cherry, The pavement shows all the various fo.ssil 8 of the horizon In sections. One 
fossil is especially very prominent and characteristic. It is a coral, CycloUia Jilamm- 
/Mtr, which is scon in semicircular sections. Rxegyra oslrama j.s also common. 
Owing to the systematic removal of blocks from the surface d tlie outcrop, it 
is p,ener.illy difllculi to trace lira atca of horizon E, but at a place near Karasur I 
still saw the Idocks being tiuarriecl, and one very large deposit of blocks is exposed in 
ilia* There is also an outlier of this deposit ctmsisting of some 40 blocks, at a point 
I mile north of Saidarampel, The worn surfaces of the blocks show sections of 
numerous fossils, which contrast strongly against the brown matrix. Resides 
tropotla and ImdUhranehiata in great numbers, the sections also show the semi- 
circular or crescent shaped oulUnes of Cyctolites fikmvthsa, which coral is most 
characteristic of horizon E. 


The wall of a tank near the village of Royapudupakam yielded numerous fossils 
as has already been pointed out by Mr. Blanford. Amongst them I collected 
Rxogvra oslracinat Alecfryonh ungulata, Ruptycha Inroaiat #/f. Some 

of the tonsils are also found in horizon D and with them were also some black 
phosphatic nodules. 


TUo upi>crn> 08 t horizon is characterized by fticold cast.s, which ate cylindrical 

llorizoft F quarter of an inch thick and generally in 

' broken pieces of about five Inches length j some of these 
casts are bifurcated. Tlicy are much used for lime burning, along with calcareous 
nodules found In the same bed. The latt^nr are about two inches diameter and 
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contain spiral foraminifera of minute size ; they are dug |up from the soil which 
overlies some of the fncoid limestone. 

The same yellow, crystalline, somewhat sandy limestone was found exposed 
at the Usteri canal, one mile south-south-east of Valudayur and half a mile along 
that canal towards south-east ; at four places on the way thence to Kadaperikupam ; 
at the kilns half a mile south-west of Kadaperikupam ; at Kadaperikupam ; at Saida- 
rampet ; at the kilns quarter of a mile east-north-east of Saidarampet ; half a mile 
west of Akasampati ; quarter of a mile east-south-east of Akasampati ; quarter of a 
mile south of Wattampalliam (French part of village called Sanjiverampet), and lastly 
in the bed of a large open tank near Royapudapakam. 

The limestone is the only continuous bed of hard rock in thfe Ponditfhhrry 
cretaceous. At'the Usteri canal I estimated the total thickness to be five feet of 
limestone, with partings of sand. At Saidarampet a solid bed of limestone showed 
two feet thickness with a dip of four degrees south-east. 

Most of the fossils are obtained from the overlying sands. Amongst them are 
some very chaiacteristic corals (jCoryophylla arcoUnsh^ Cyclolites conotdea), Teredo 
tubes in abundance and very large gastropods (cones of one foot length), Nautilus 
serpenttnus and one nautilus with a very sharp keel, apparently a new species. 

The limestone dips generally towards south-east, the surface of the country co- 
inciding with the dip slope. Above the limestone, clays and sands with nodules 
continue. One clay bed with layers of nodules has already been mentioned as 
containing some shells with light coloured phosphatic cores. In this bed remains 
of a turtle were found. Still higher up in the series large concretions of two feet 
diameter are seen in an excavation one mile north of Tirusitambalam (at the 
road fork). Near Tirusitambalam I noticed yellow clays with minute bivalves, 
and similar clays continue up the side of the Red hills ridge. These were no doubt 
the upper-most cretaceous deposits mentioned by Mr. H, F. Blanford, page i 6 o, 
Vol. IV. 


These six horizons represent the whole sequence of the cretaceous strata. 


A line of section. 


With the exception of horizon F the exposures of the strata 
are very few and it would be difficult to find a continuous 


sequence. But there is, however,^ a line of section, in which four horizons are 


well represented and the other two at least indirectly. This is along the Tindi- 
vanam Pondicherry road. Starting at a place 12 miles from Pondicherry, we 


obtain a fair section along a straight road of about 4^ miles length, along which 


exposures of most of the horizons are seen. 


' Dip of strata. 


The general dip of the sequence of beds was given by 
Mr, H. F. Blanford as two degrees, which accords with my 
own observations. 


Thickness. 


The total thickness of the cretaceous rocks of Pondi- 
cherry may be about 900 feet. 


The fossils obtained were sent to Vienna for deteimination and they ba^e since 
Preliminary table of examined by Dr. F, Kossmat of the University of that 
fossils. city. He will describe the collection in detail, but has 

given the annexed preliminary list of fossils. 

C 2 
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Prbliuinary Ltrr or Poasibs^ 

Caryophyllia arcotensis Furb. • « 

Cyclolites conoidea Stol. . ^ . 

Hemiasteri n. sp. « . < « 

Stigmatopygus etatus . • • . 

Terebratnla aiabilis, Forb. . * • 

Al«ctryon!a ungulata, Schl. . « . 

M 

Exogyra ostraciaa, Lam* ^ « 

Grypbaea vesicalam . • 

Fiicatttla • « ^ 9 • 

Spoodylus, n. 3p. • • „ . • 

Spondylua calcaratos, F. * • • 

Pinna of. laticoatata, Stol. * ^ • 

Modiola i)agelUfora> Forb. . « • 

Mod tola polygonal Forb. • • • 

Macrodon Japcticum, Forb. . . • 

Trigonoarca sp. . • « « 

Trigonoarca Goldrina, F^ « . 

Cyprlna criatata, Stol. * • « , 

Protooardiam biseclam) Fbrb. . « 

Panopaca oriontallSk Forb. » • 

Pholadomya oandata .ha* 
Corlmya portn5a, Stol. « « « a, 

Pharolla obscnrai Forb • * • « 

Teredo aE. glomerana • • • • 

Phasianoba of. connlata* Stol. • ^ 

Buspiraep. t » . • • * 

Euptyeba krratai Stol • . » 

Kforita sp. . « , „ * ii 

Kertta dlvartoata* Orb. « « « « 


UOftl^ONAt 
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PltKLttattiART Ltsr or Poskiu, 


Horizons. 


Nerinea, n. sp. • • • 

h 
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ft 
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•ft* 

F 

Cypraea Newboldi, F* * * 

« 
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4 

ft 

• 
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D 

«ft4 

••ft 

Cypraea sp. . * • * 
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•ft* 

Cypraea tCayei, Fdirb. . * 

« 

* 

• 

ft 

ft 
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■ 4« 

E 

•ft* 

Rostellaria palliata, Forb. . 

k 
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ft 

« 

«ftt 
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*«• 

•ft* 

• •• 

Athleta patpurifoimte, Forb. . 
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« 

• 
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ft 

B 

c 

*•« 


• *• 

Natitilas sp. * • • 
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ft 
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B 

F 

Naatilas al!. Bouchardlatius . 
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4 

4 

ft 

«•€ 


♦♦ft 
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*«• 

Nautilus cf. serpentinus, Blanf. 
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b 

4 

4 
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•«« 

I4« 
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F 

Nautilus BphaericQS, Fort* * 

« 

• 

4 

ft 

ft 
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... 
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Lytoceras sp. . • t 
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Hamites subcompressus, Fotb. 
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• •• 

Hamites indietis, Forb. . 
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4 
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ft 

• 

#«■ 
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Hamites tenuisulcatus Forb. . 

« 
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ft 
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c 

««• 

•ft* 

• *• 

Pkychoeeras sypho Forb* • 

* 
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Baculites, sp. • ■ * 
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•«• 

Bacolites vagina, Forb. • * 
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Desmoceras sp, * . • 

« 
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1 
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•ift 

c 


• ft* 

• ft* 

Fachydiscns ganesa, Forb. • 

« 
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ft 
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• •• 
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Fachydiactts speOies « * 

4 

4 

ft 

4 

• 

««« 

c 


■ 

• *« 


Dr. Kosamat intends giving a fuller description of the fossils latet on, but I am 
_ authorized to state that he considers the Pondicherry creta- 

e attna. ceotts series to belong to the Ariyalur division* I may also 

remark here that these fossils have confirmed this conclusion, which Dr. Kossmat 
had already arrived at from other evidence j he had compared the original type 
specimens of the cepalopods of the Utatur and of the so-called Valudayur groups 
and had also discovered new points of agreement between the fauna of the Ariyatur 
group of the Trichinopoly area and the Valudayur group, and also with the creta- 
ceous fauna of Natal. The Valudayur group will cease to be so distinguished and 
the horizons A, B, C, wrill have to be considered to be lower Ariyalur only 
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Some early allusions to Barren Island ; with a few remarks (hereon^ by 
F. R. Mallet, F. G. S,, late Superintendent^ Geological Survey of 
India, 


When writing the description of Barren Island that appealed in the twenty. fust 
volume of the Survey Memoirs, I was unable to refer to any accounts of the 
Volcano earlier than that by Lieutenant Colebrooke, who sau it from a (Jialancein 
1787, and that by Captain Blair, who landed during a violent eruption in i78(/. The 
name ‘ Barren Island,' however, was not originally given by either of those observers : 
it had been applied before their time to the Volcano, which, by some, had also been 
called ‘ Monday ' and * High ' Islan d. It was clear, therefore, that the island was more 
or less known before Blair's visit, and it seemed possible that some one or more 
accounts of it, by navigators who had seen, or even landed on it, might be in 
existence, and that perchance some allusions to its volcanic condition earlier than 
those mentioned above, might be on record. I have recently taken advantage of 
residence near London to tiy whether any such accounts could be found, and with 
this object in view, have made a somewhat laboiious search at the libraries of the 
India OiTico, the British Museum, and the Public Record Office. The examination 
of a very large number of printed works and manuscripts lias, I am sorry to say, 
not led to the acquisition of a corresponding amount of new information, and there 
can be little doubt that there still exist accounts which remain to be discovered. 
But the following records, however meagre, at least add something to our know- 
ledge of the volcano. 

The Oiirliost indication of the inland being known, that I am aware of, is to be 
Vm IWS- 

chotcns*’ voyages^* : this woik contains two mai>s en- 
graved in 1595, one of India tnid some adjoining countries, the other of the Malay 
Peninsula and archipelago'*'. The 'Andemaou' and ailjacenl islun<Is are included 
in both, tliQ configuration in one being identical with that in the other. ‘ Macon- 
daon ' is placed in lat. 14^ so', No longitudes arc given, but the position is 90 
milos^ E, or E. g N., from the northern end of the Andamans. About 45 miles S. 
by E, from “ Nacondaon *' (Narcondam), in Lat. 13'’ 35', there is a nameless island 
which is much nearer the true latitude of Narcondam (13° s6') than that to which 
the name is attached, and it is probably a duplication of tliat island, through a 
discrepant, and more accurate, determination of its position*** 


\ Asiatic Rcsearchos, Vol. IV, p. 3 J| 7 » 

* Erroneously printed '‘Lioschtetr’Mn Memoirs, G. $. L Vol. XXI, foot-notes to pnges 
!^4 and 285. 

* “ItlnorWlo Voyage ofte Rchipvaert, Van Jan Huygeu Van Llnsohoton noor oost ofte 
Portugnols Indian,'* etc., Amstolredam, X5p(i. 

* Faciimilea of these maps (but with the Dutch titles, etc., rendered into English) are 
Included in "John Hufghen Van Linschuten, his Diseoura Of Voyages Into ye Eosto and Wes^ 
Indies," London, 159S, a translation of the origioat work, 

t Here, and elsewhere, the miles given are nautical ones. 

» On a “ Chart of the Bay of Bengal,” contained In the “East India Pilot, or Oriental 
Navigator,” and dated 1778, on nearly two centuries later than Linachoten’s maps, **Naroon- 
dam of the Portuguese ”| is marked in Lat* 47 * and "High L or Narcondam of the 
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A second small and nameless island is marked about 45 miles east of the 
Andamans, in Lat. 12® 35', This is some 10 or i a miles N. W. from the true 
position of Barren Island, for which, I think, there can he no reasonable doubt 
that it is meant, as there is no other land for which it can possibly be intended. 

Linschoten makes no mention of having himself visited the Andaman Islands. 
In the titles of the above named maps it is stated that they were ” perfectly diawne 
and examined with the most expert cardes of the Portingales Pilots,” which 
suggests that the island just mentioned were inserted on Portuguese authority as 
the explorer who charted them thought Narcondam worthy of a name on the map. 
Perhaps if Ban en Island had been in eruption, and thus specially attracted his 
attention, he would have attached one to it also. 

On many charts of much later date than Linschoten’s, no land near the position 
Gough, 1708. Barren Island is indicated. Hence it was a new dis- 

covery to Captain H. Gough, when he sighted it in 1708, 
The log of his ship, the Stretham, is preserved at the India Office. On the 17th 
December of the year just mentioned, the following entry was made:— -“Now at 
sunrise we see Land^ from W. b. N. to N. W, b. N., at 7 o’clock ye squall being 
over we had an Island appearing thus ’’ (small sketch given) ; “ then ye other land 
bore from W. to N. W. by W. distance, I judge, 10 or 12 leagues. Now we 
have no drafts* that anything answer these bearings ; therefore I commenced one 
From yo Lat. ii® which will include ye shoall,8 to Lat. 14®, which will carry me to ye 
Cocos Islands ; see the other side.’' The last sentence refers to Gough’s M. S. chait,* 
on which the island, without any name, is marked in Lat ii® 53’, and 58 miles 
E. S.E. from the Andaman coast. It is about 23 miles sooth of the true position of 
Barien Island, an error which is probably due to the fact that while Gough obtained 
his latitude on the i6th by observation, that on the 17 th was by "account** There 
is, however, a discrepancy between the log and the chart. In the former his 
latitude on the 17th is given as 12® 30', while on the chart his position at noon is 
marked in Ii.at. la® 18'. If this difference weie applied to the island, it would biing 
its latitude within 11 minutes of the correct one. 

The island when seen was at a distance of 8 or 10 leagues to the E. S. £., and 


French’* 45 miles to the S> B. by E. in Lat. 13® ao'. On “ a general map of the Bast- 
Indies” (1781), contained in the same Atlas, “Narcondam according to the Poriugueso ** is 
marked in I.at. 13® 45', and “Narcondam or High Island according to the French,” 60 miles 
to the S. by E. in Lat. la® 50’, The French Island is certainly not intended for Barren 
Island, although the latter, as previously remarked, has also been known under the name of 
High Island. {See remarks, farther on, about the “Flat Islands,” and tf, Memoirs G, S. In 
Vol. XXI, foot-notes to pages 284 and 285). 1 have not succeeded in 6ndmg any original 
accounts of the Portuguese or French obaervaticns. 

> The Andaman Coast 

’ The obsolete term for chart. 

* The “ Flat Rock, awash” of the Admiralty chart (lat. ii® 8*}. Capt. Gbugh puts it in 
It® to’i and on the 14th December writes t— Now as we rose from dinner we see Breakers 
N. N« E. of ns nothing appearing above water. I suppose them 7 or 8 miles of as they 
broke high. We tacked. This shoall we find in our Drafts as to Latitude, but its laid not 
above 7 leagues off ye little Anderoons and we see them not.” 

^ Scale si Inches to i* of latitude. A copy, on a reduced scale, is included in Dalrymple’s 
Plans and Charts. 
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measures on the chait about 4 miles x 2, with the length perpendicular to the 
line of sight ; but this was evidently a meie eye-eslimate. 

Theie is a rough fiec-hand sketch of the island in the log, from the point of 
view just mentioned, which represents it as a very high one,' with the culmination 
near the S. S, W. extremity, a nearly flat top inclining gently towards the N. N. K, 
and steep slopes at the ends exactly the appearance which Barren Island, at the 
present time, would have, if viewed from the same position,® except that the height, 
in proportion to the breadth, in the sketch, » is a good deal more than in nature. 
This is so obviously due to exaggeration, which might, perhaps, be almost expected 
in a rough outline evidently dashed off currmte calamo, that it would be waste of 
space to raise the question whether the valcano really was much higher in 1708, 
Had such been the case indeed, the truncation of the ancient cone must neces- 
saiily have been far less than is implied by the sketch, and the latter would entirely 
fail to represent the facts.^ Theie is no indication, in the sketch, of smoke® rising 
flora the volcano. 

Reference to the observations of several navigators may be found in a ** Memoir 

of a chart of the Indian Ocean,” 1787 (contained in the 
first volume of Darlymple's Nautical Memoirs), where at 

page 36 we read 

“The Island, called Batten Lland by Capt. Taylor and Capt. Justice, Monday 
Island by Cheyne, from old Draughts; and Alto by Capt. Baker and C. AWes^ is in 

Lat. N. by C, Mills, 1758. 

laaa Alve^, 1760. 

la'ao justicf, 1771. ^ 

13*20 Taylor, 1780* 

Long, by Capt, Taylor’s observations of Sun and Moon 93° io*E, from Green* 
wich.” 

Tlie log of Capt Cheyne's ship^ (the Lapwing) shows that Cheyne passed 

“Monday” (Barren) Island, at the close of OctolMsr 1748. 
pyne. 174 jj. ffom various points of the compass, but he made 

no nearer approach than 8 or 9 leagues. Ills observed latitudes on the aSth and 
a9th, combined with the bearings and estimated distances of the island, respec- 
tively made it in lat. la® 6' and la® 16'. He remarks that “this by some 
is called Monday Island, but we have no account of it in the draught.” 


Various observers. 


‘ The gr<*atest elevation, measured by Capt Hobdav in 1884, Is i,t58feet: therefore 
allowing for curvature and refraction, the island at a distance of 8 leagues would rise moia 
than 700 feet above the horijson, while at to leagues it would still rise nearly $no. 

« efi Capt Hobday’s sketch, In the corner of bis map (Memoirs, Vol. XXI), taken from 
nearly the same bearing, but much nearer the volcano, 

» One to five, which, under the circumstances of distance mentioned, would indicate a 
htlght of more than aiocio feet if the sketch had been drawn accurately to scale. 

* Remarks, in the sueweeding paper, as to the probable antiquity of tbs truncation. 

* A oonveulunt term, and quite as accurate as qlnder and ash* in connection with vol- 

c&nooih 

* Barren Island, still smalior than Narcondam, la called likewise Afewday /s/oad} and 
by the Portuguese Ilha Alia (High Island),” * The Oriental Navigator,’ by J. Purdy, London, 
i8a6, page 350, The information in this work about the Andamans is of somewhat old dato 
and “ eatracud chiefly from Capt. Richie’s account,” 

® India OfBue Records. 
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In the year 1758, Captain Mills, of the Drakh, noticed *‘t.and even With the 
Mills 17&8. water” in Lat. it* 12', atod **he says the land and (AIto» 

* * which he calls) Arracondam, bears of each other N. b. E. 

I E. and S, b W. | W, distant 21 leagues, which makes the latitude, of Alto 
(Barren Island) 12® 12', or within 4 minutes Of the now accepted Value. This 
quotation is of interest from the name Arracondam (presumably a corruption of 
Narcondam) being applied to Barren Island, Although I do not think Captain 
Mills' application of the name can be taken as proving anything, as he prol^bly 
so used it through imperfect imformation, still the point is worthy of notice in 
connection vnth the origin of the term Narcondam alluded to in my memoir on 
the volcanoes.^ 

1 have not met with any record by Captain Alves or Baker. The discovery of 
Justice 1771. ^ dangerous rock was reported by Captain Justice in 1771* 

which he describes in some detail^ and at the conclusion 
says “ Imagining I was to the westward of the Little Andaman I stood to the N* 
N. E,— ward in order to get its true place, but on the and November, at 6 o'clock 
in the morning, I was surprised to see Barren Island; it lays by my account, not 
allowing the current, to be ao miles to the westward of Barren Island^ in the 
latitude of 11*07 or ii*i2.”® 

The following remarks by Captain Taylor* of the Ship ‘Ceres' are perhaps 

worth reproduction in full, as illustrative of the inaccuracy 
and uncertainty that prevailed about !l^ren Island until 

late in the last century 

X X X X X 

" January 12” (1780), “per medium of 13 good sights of the longitude found 
ourselves in 93® 36' longitude from Greenwich, which is 33^ W. since last sights 
and by the charts is nearly the longitude of the Islands, laid down in Z2® and 
II* 30’ N. Lat. by the name of Barren Island, Kept a very good look out in the 
night and sounded as per log ; next morning at daylight saw a pretty large Island 
bearing N.E. | E., 10 leagues, the ext of the Andamans (just in sight) from 
W.N.W. to S.W. by S., 9 or lo leagues. Till noon, that we had a good observation, 
could not determine whether the Island in sight was the northernmost Island 

or Narcondam; we observed in ii* 59' N., the lat of the northernmost Barren 
Island as laid down in the charts; the Island bearing N.E. by N. between 8 


Taylor 1780. 


* Memoir of a Chart of the Indian Ocean, 1787, p. 27 1 fn Dairy m pie's Nantical Memoirs, 
Vol. I. 

* Page 984. 

* He was not, however, the original discoverer of the danger, which was seen by Gough in 
1708, and alluded to by him as previously known. 

* i.0. the rock is so miles west of the meridian of Barren Island, 

^ M. S. Bengal Public Consultations, India Office Records; and Memoir of a Chart of 
the Indian Ocean, 1787, {op, cit), p. 36. I may mention here, incidentally, that the earliest 
illustration of Narcondam I have met with, is to be found on a “ Chart from Negrsis 'to the 
Island Carnicobar, by John Richie, 1771 " (Dalrymple's Plans and Charts), as might be 
anticipated in respect to an extinct volcano ; this sketch (“ Narcondam, bearing E. by S. 
distant 7 miles "), shows no perceptible variation from the present ontiine. On this Chart 
Barren Island is not indicated. 

* Dalrymple's Nautical Memoirs, Vol. 11 , 
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and 9 l^gues distant which Brakes it come nearest the lat. of Barren Island, A 
day or two aftei wards by a very good observation within 2 or 3 miles from the 
northern end of it, find its latitude to be 12° 20'noithern (21 miles to the northward 
of its situation upon the Charts)^ and its longitude, by seveial veiy good observa- 
tions of the Sun and Moon, to be 93^ 10' from. Greenwich. 

The nearest of the Andaman Islands we could see bearing S. W. by W. from it 
1 8 or 20 leagues. Aa for the southernmost Barren Island we concluded that it 
did not exist, or if it did, that it must be very erroneously placed in the charts, for 
the day after we saw Barren Island we were set to the southward in endeavouring 
to paas to the eastward of it, and at noon had the Island beaiing from N.b.W. to 
N.N.W., 13 leagues and observed in 11® 48' N., which is nearly the southernmost 
Basren Island (as laid down) notwithstanding which, saw no such Island although 
the weather was very clear ; since which time I was informed by the Captain of a 
Portuguese schooner that he had seen both the Islands, the southernmost being 
situated much farther to the westward than laid down. 

I likewise have it from good authority that Captain Sharrington of the Bahar 
country ship saw the rocks under its ship^s bottom and sounded in 4 fathoms 
Barren Island being N.N.W. 3 or 6 leagues. In the charts there is some dangeis 
laid down^ to the southward of the southernmost Barren Island^ I imagine it is 
meant to be placed to the southward of the northernmost, as I think it seems doubtful 
whether there are but one or two Islands, The Island of Narcondam bears N. by 
^ £. 33 leagues distant, from Barren Island in lat 13° 26' N. and Long* 
93° 30' E. from Greenwich, both ascertained from very good observations. The 
Island Narcondam and Barren Island appear veiy different when seen at some 
distance j so that, independant of their latitudes, with a simple sketch of each 
Island a man could be at no loss readily to know the one Island from the other. 
Normtdam makes like a sugar loaf, quite fiat at the top, and may be seen at 
least 18 leagues from the mast head, for we saw 4 13 or leagues from the 
poop pretty high out of water, the weather rather hazy ; this distance may be 
depended upon as its calculated from the beatings and differences of latitude. 

Barren Island appears much longer, but not quite so high ; the watermost 
ext, is the highest, and makes with a peak, descending to a low point to the 
eastward, although when you come near it, it seems of an equal height, with a 
peak at each end ; it may be seen at least 15 or 16 leagues, for it was high out of 
the water when we saw it bearing N. by W, 12 or 13 leagues distant per 
calculation.” 

In explanation of Captain Taylor’s surmise, whether one Barren Island, or two, 

* existed, I may say that m various atlases of the eighteenth 

ne s and, or wo century® two small islands are marked, one nearly due 

north of the other, on a meridian some 50 miles east of (what appears to jepiesent) 

Cy. Gough’s obwrvations, F, R. M, 

T.bat reported by Gough and Justice P F. R. M. 

"Le Neptune Or'Cntal on Routler gdndral des Gdfces das Indes Onentales,” Paris, 
1745 (Isles Rdses), “Carte de L’ Inde par le Sr, D’AnviUa, dated 1752, contained in the 
same author's Gdographie Andenne Abrdgde,’’ 1769 (/slss JRases). “ A New Directory for the 
Bast Indies” (based on Le Neptune), 6th edition, London, 1767 (Barren Islands). ” The Bast; 
India Pilot or Oriental Navigator,” 2 charts dated respectively 1778 (Flat glands and Barren 
b,landa~>both names given) and 1781, Flat Islands^ 
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the South Andaman. The latitude of on© varies from ii® 21' to n® 30'; that of 
the other from ii® 59' to 12® 8^. In the French Atlases these are called the ‘ Iks 
Rami while in some of the English they are called the ' Barren Islands ’ and in 
others the * Flat Island.' However, one or two of these names came into use 
fpossibly through some mistranslation from one language into another), the 
northern hU as chatted, agrees very fairly in position with Barren Island, and 
cannot be intended for anything else. \^at the southern hh Rau was 
intended for I do not know. It was not meant for the rock east of Duncan’s 
passage,^ for in some Atlases, Le Neptune Oriental), the latter is marked in 
addition to the hies Rases, in latitude 10® 55' or 11° o'l 

Perhaps the most likely solution is that (like Narcondatn, as ptevionsly men- 
tioned) B^en Island was duplicated on the charts, through discrepant determina- 
tions of^ its position. But it is at least a possibility that, like Graham’s Island, in 
the Mediterranean, the southern Isle may have been an ephemeral one, due to a 
volcanic eruption, chiefly of fragmentary ejecta. It is conceivable that, after it 
had been washed away by the sea, the last visible remnants were the rocks reported 
by Captain Sharrington, 5 or 6 leagues S. S. E. of Barren Island, and that 
even these subsequently disappeared, thus explaining Horsburgh's remark that 
Shairington's aoamnt is rendered doubtful, for no signs of a shoal-bank in the 
situation described have been discoverd for many years.’*® 

pother possibility is that the temporary Island, and Sharrington’s rocks, were 
8. S. W. of Barren Island (the S. S. E bearing given by Taylor being 
due to a not uncommon kind of clerical error). This would place them in the 
line joining Flat Rock, Barren Island, and Narcondam, and on the suppositional 
submarine ridge of Dr. Pram,^ and would account, in another way to that suggested 
above, for the rocks not being re-discovered to the S. S. E,, as well as for the 
statement of the Portuguese Captain. It would be useless, however, to pursue 
this speculation reared on such a slender basis. 

I have made unsuccessful attempts, at the libraries mentioned, to discover the 
Blair, 17(89. o^’iginal of Captain Blair’s report on the Andamans, pait 

* of which, relating to Barren Island, is quoted by Ijeutenant 

Colebrooke in the Asiatic Researches. The following letter,^ however, dated 19th 
April 1789, serves to supplement the above : “To the Right Hon’ble Charles Earl 
Cornwallis, K, G., Governor General, etc., in Council ; — 

My Lord * # # # ^.fter examining Diligent 

Strait and the archipelago, I proceeded to Barren Island and found the volcano 
in a violent state of eruption, throwing out showers of red hot stones and immense 
volumes of smoke. There were two or three eruptions while I was close to the foot of 
the cone ; several of the stones rolled down and bounded a good way past the foot 
of it After a diligent search I could find nothing of sulphur or anything that 
answered the description of lava. * t n I have, “ Archibald 
Blair.” 

•Tha* Flat Rock awash’ of the Admiralty chart; that reported by Captain Jwtice, 

’ India Diwetory, 3rd edition, 1827, VoL HI, p. 37. 

• See abstract of his memoir in the following bibliography. 

* Bengal Political and Secret Consultations. Dated Furl Wiliiaijt, the aist A^jigusL 
lyStk India OlEice Records. The porbops of the letter omitted relate to the An^uman 
Iriands. 
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The preceding account is, in most respects, very similar to that in the report 
allnded to, and the chief interest lies in the final Sentence. I have argned, on other 
grounds,^ that the lava streams 'which now extend from the central cone westward 
towards the sea were emitted, after Blair’s visit ; bnt his own statement, that after 
diligent search he conid find nothing resembling lava, pots the question beyond dis- 
cussion. It is scarcely conceivable that any one, however inexperienced in volcanic 
geology, could fail to recognize the true character of such typical streams 
at the first ‘glance.® There are, however, still further proofs that the lava was 
emitted after Blair’s time. From the points of issue the streams flowed 
down the slope of the cone, and their heads now constitute a portion of its 
snrft^ce, so that there have been no accretions to the cone since the occurrence 
in questioni But it is shown, in the succeeding paragraphs, that the cone 
has greatly increased in bulk since 1789, and any lava emitted then, or previ- 
ously, and solidified on its^ flanks, would now be deeply buried beneath the latef 
products of eruption. I have previously stated,® that no fragmentary ejecta (scoriae, 
&c.) have ever fallen^ direct from the crater, on to the surface of the lava, which 
must, therefore, have been emitted after the last eruption of such material. In 
other words, the lava must be the latest volcanic producti and cannot, apparently^ 
have been emitted earlier than 1804, the date of the last outburst of which we 
have any record. We have no reason to suppose that the different streams were 
emitted at considerable intervals, and the existence of the hot spring in 1832 shows 
that the southern stream, at least, had been poured forth before that date.^ That Blair 
found no sulphur is very natural. The superficial deposits are entirely confined to the 
newer cone,® which was inaccessible to him, owing to the eruption. Even if he 
could have ascended it, he would have found none. The present deposits have been 
formed since the last eruption of scoriae, and therefore long after his visit, while the 
outburst he witnessed must have destroyed, or buried, any previously visible, 

Captain Blair’s landing on the island still remains the first, of which we have 
any record. 

It is worthy of mention in connection with Blair’s visit, that Testis “ view of the 
volcano on Barren Island, bearing east, abont one mile off” ® taken the day before 
Blair landed, gives the means of aniving at an appioximationto the height of the 
newer cone at that time. The sketch represents the summit of the cone as rising very 
slightly above the sky line of the old crater rim behind it, and a careful comparison 
of corresponding points in the sketch, and in Hobday’s map of 1884, shows that the 
artist, the snmmit of the cone, and the eminence on the old crater rim which 
Hobday marked as 1060 feet, in height, were in a line ; and likewise shows that the 
eminence in question was concealed, and only just concealed, by the snmmit of the 

* M«m. G. S. I., Vol. ZXI, p. 271. 

* There was of_ course lava In abundance vibiWe to Capt. Blair, at a distance, where it 
outcrops, interbedded with scoriae, on the scarped walls of the ancient crater. Botlbs pe- 
trological character in such position would be fat from self-evident to a non-geologist. 

» Mem. G. S. I., VoU XXI, p. 271. 

* / UA p, 274 . 

' There may possibly exist buried deposits amongst the rocks of both the ancient and 
the newer cone. 

® A water colour sketch measuring inches >< 6 : British Museum library, Press mark 
K. rid, ViA* Mena. G. S. I. Vol. XXI, p. 362, the illustration accompanying this 
paper is a photographic reproduction on the scale of one-half. 
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cone^: in other words, the eminence and the cone subtended almost exactly 
the same angle, their respective distances from the point of view, and the height 
of the eminence,® being obtained from the map, give the height of the cone as 
exactly 800 feet, assuming the two angles involved to be identical, and that Test 
estimated his distance from the shore correctly. I do not think any probable 
difference in the angles would make a difference of more than 20 or 30 feet in the 
height, while an error of a quarter of a mile in the estimated distance, one way or 
the other, would make a difference of about 30ft, The errors due to these two sources 
if they exist, may partially, or entiiely, neutralize each other; but even if they are 
both of the same sign, the total error is probably well under 100 ft., and is almost 
certainly not over this amount. While, therefore, it may be taken as almost beyond 
question, that the height of the cone was between 700 and 900 ft., it is much more 
likely that it was between 750 and 850 than outside these limits, and the most pro- 
bable altitude is about 8oo^ 

Lieutenant Wales’ sketch, as reproduced in the Asiatic Researches (Vol. IV) is 
on a smaller scale than Test’s, and shows marks of less careful elaboration ; but the 
height calculated from it agrees very fairly with the above, giving the most prob- 
able elevation as between 800 and 830 ft., the lower ffgures being the more 
likely. 

Corroborative evidence of a considerable increase in the size of the cone is 
afforded by a large protuberance, represented in Test’s sketch on the lower part of 
the north-western slope. This was quite obliterated in 1884, owing, doubtless, to its 
having been buried beneath the ejecta that have been emitted since Test used his 
brush. 

Supposing the true height to have been 800 ft., the cone, which is now 1015 
must have just doubled in bulk between the time of Blair’s visit and 1857, since 
which date we know that there has not been any eruption, a suggestive conclusion 
in regard to the period of time during which the entire pile may have been heaped 
up.* 

Test, like others, over-estimated the slope of the newer cone, where, as is most- 
ly the case, the sides are composed of fragmentary ejecta, the declivity is almost 
perfectly uniform, at an angle of about 32 degrees, except near the base, where 
the inclipatipn gradually diminishes in a giaceful curve.* 

* That is to say if the cone were away, the skyline of the crater rim would be seen to 
rise towards, and culminate in the eminence. As the slq^ Ime at each ude is but slightly lower 
than the summit ol^the cone the sketch), the eminence must be, as nearly as possible, 
eqimlly high. 

3 Test’s sketch gives no reason to suppose that the height of the eminence ia different 
now to what it was in 1789, although it is perhaps a few feel more, ovring to accumulations 
of scoriae due to the eruptions since then. Any alteration due to movement of the crater walls 
(had such occurred) would probably be iu the direction of subsidence, and-wonld tend to re- 
duce the calcnlated height of the newer cone. 

* According to Blair’s account^ as quoted by Colebrookci the elevation was i,Soo fact 
pearly a manifest clerical error. Were the figures he actually gave 800 ? 

« Cf^ Mem. G. S. I., Vol. XKl, p. 265. 

> As pointed out by Dr. Ball (Records, G. S. 1 ., VoU VI, p.82). 

2 See Ulustratiop in Mem. G. S« L, Vol. XXI, p* afii. 
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The following extract from the log of the Ship * Worcester, commanded by 

Captain Hall, adds one more to the recorded ei options 
» *79S* towards the close of the last century : — 

“Sunday, 20th December, 1795. At 10 a.H. the Commodore made the signal 
for seeing the land. Saw a long Island higher at the westwaid end sloping gently 
to the eastward N. W.f W, 14 or 15 leagnes off deck. At noon it bore fromN. W. 
to N. W. I W. take h for Barren or Monday Island. In the centre a snloke arises 
and has the appearance of a volcano. Its Lat. by the bearings is 12® 22' N. and 
Long, by my chron. No. i, 93° 34' E. Greenwich x x x x . 

“ Monday, 2^st x X x x jAt 6 ‘a.M. it bore S. f W.Abont 10 
leagues and Narcdndam (both from the deck) K. N. E. | E. about la leagues. 
It ‘Was astonishing the repeated columns of black smoke which were sent up. 
There appeared no hill (as the whole Isladd is nearly a plain surfece gently slop- 
ing to the eastward as mentioned in yesterday’s log) but the smoke was Irom 
other side of the ridge or on the eastern side.” 

Any one Unacquainted with the true topography of the Island, and viewing it 
from a distance of several leagues, might easily suppose it to have a nearly iplain 
surface, or to form a ridge. Captain Hall’s remark that the Island is “ higher at 
the westward end sloping gently to the eastward ” agrees with Captain Taylor’s 
that “ the westernmost extremity is the highest, and makes with a peak descending 
to a low point to the eastward. ” But this appearance is evidently a'deceptive one, 
as Captain Hobday’s map shows that the volcano is highest towards the south- 
east, and we have evidence, in Test's sketch of the Island in 1789,® that, as far as 
the ancient cone is concerned, the outlines then were practically identical with the 
present ones. 

The volcano was again in eruption at the end of Jammry 1804, when H. M. S, 

“Garoline” passed the Islani The log® contains the follow- 

Cason, 1804, ^ 2igt-.«»geveral eruptions of fire from the 

volcano on Barren Island during the night.” This outburst (as pointed out by Dr, V, 
Ball^) is also mentioned, by one of the officers, in an "account of a voyage to 
India and China, etc., in S. M. S. “ GttfOline.” ® His remarks are given in the 
following table. 

Not one of the observers before Colebrooke (1787) record any appearance of 
Probable conUitioo siuoke rising from the Island, or make any lemark indica* 
o£ volcano in *8th cen- tive of their being aware of its volcanic nature, from which 

it may not unreasonably be assumed that, when they saw 
the volcano, it was quiescent or at most giving off a little steam.® It seems difficult to 
imagine that while the bearings, etc., of the Island were duly recorded in the log, an 
brtiption, if witnessed, should be absolutely ignored, and we may, peihaps, fairer 
stirmise that the volcano wks in the same condition When seen by the unknown 


* ladia OGBce Records. 

* Vid« accompanying reproduction and Mem. G. S. I«, Yol. X.XI, p, 262. 

» Public Record Office, 

* Geological MagsbSdne, 1888, 7.404* 

* Phillip’s Voyages and Travels, Vol. V. 

* Colebrooke saw smoke when he was 7 leagues off the Island, and flail (1793) when 10 
leagues, or more. Such indeed would be easily visible when the Istdod itself was below the 
horfron. 
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observers who fiist applied the names ‘Monday’ and ‘Barren’ Island ; at dates we 
are unacquainted with, but which seem not improbably to lie between 1708, when 
Stietham charted the Island as an anonymous one, and 1748, before which time 
both names appear to have been in use.^' Had the volcano been in eruption when 
the observers in question saw it, it does not seem unlikely that they would have 
given names suggested by the remarkable phenomenon of which they were specta- 
tors.® 

Assuming, however, that the volcano was quiescent atthe dates previously given, 
it would still be unsafe to argue very confidently as to its general condition in the 
eighteenth century, as, during the intervals of which nothing is known, many 
eruptions may have occurred for ought we can assert to the contrary. But, at the 
same titne, the fact that on every one of the six dates included in the following 
records, between 1787 and 1804, the volcano was very active, and mostly in erup- 
tion, while on each of the (three or) four dates between 1748 and 1780 it appears 
to have been quiescent, can hardly be attiibuted entirely to chance, Hence it can 
scarcely be doubted that several outbursts during the two decades following 1785, 
have passed unnoticed, while we shall, perhaps, not greatly err if we regard the 
preceding foui decades as a period of at least comparative, and possibly total, tran- 
quillity. There is also, as we have seen, some very slight ground for surmising 
that this tranquillity may have extended back to the early part of the century. Of 
antecedent ages we know nothing from direct observation unless the suggestion 
thrown out in connection with Linschoten’s map may be taken as one very faint hint. 

In conclusion, it may be convenient to add a revised edition of the tabular 

abstracts given in my memoir on the volcano, « incorporat- 
ing the preceding records, and also the observations that 
have been made since 1884. 


Tabular abstract. 


Date. 

Condition of volcano. 

Temperature of hot springs. 

Authority. 

*595 

The Island appears to have 
been known at this time, 
but there is no iadicatioo of 
its volcanic nature having 
been recc^nised. 


Maps in Van Linscho- 
ten’s itinerano. 

7th Dec. 1708. 

38th & 39th Oct. 

Doruisint » e « • 


Captmn Gough j log 
w ship “Slretham.*' 

1748 

13 orn)£Lnt • • • • 


Captain Cheyne; log 
of ship **Lapwing.’* 

*758 . 

Dortnant ? • % • * 


Captoin Mills, of ship 
♦^take. ’’Memoir of 
a chart of the Indian 
Oc^, *787, 0. 37, 
in Dairymple’s Nau- 
tical Memoirs, V ol.l. 


> Cf. Notice of Cheyne’s observations, and foot-note mentioning '* Le Neptune Oriental * 
etc. 

* however, foot-note in the next paper, on the possible origin of the name 
• Barren.’ 

« Mem. G. S. I4 Vol. XXI, p. 273 end 37s. 








32 


Records of the Geological Survey of Indta, [vOL, XXVUI, 






?ART 1.] 


Mallei Early allusions to Barren Island 


33 


Date. 

Condition of volcano. 

Temperature of hot springs. 

Authonly. 

March, XS33 

Lai go volumes of thin 
white smoke kept continual* 
ly issuing” fiom the sum- 
mit « 

The southern lava stieam 
was omitted before this 
date, as evidenced by the 
oMStence of the hot spnng 
Probably the other recent 
streams had also been 
p cured forth 

**On approaching to wilhin a 
■ hundred yards of the shore, 
we were suddenly assailed 
by hot puffs of wind, and 
on dipping our Angers into 
the water, were surpnsed 
to find it as hot almost as 
if it had been boiling. The 
stones on shore, and the 
rocks exposed by the ebbing 
of the tide, weie smoking 
and hissing, and the watei 
was bubbling all lound 
them,” 

Commander of a ship j 
Journal, Asiatic So- 
ciety of Bengal- 
Vol. I, p. 129. 

April, 1843 • 

From the summit of the cone 
*' a deal and full stream of 
transpaient vapour issued, 
BO transparent that it was 
not perceptible ftom the 
sea.*' 

* 

Captain Miller ; Cal- 
cutta. Journal ot 
Natural History, 

Vol. Ill, p. 423. 

185a 

Very active .... 


“ Bombay Times,** 
July, 1&52. 

xSth Dec., 1857 . 

“ Some smoke was seen oc- 
casionally to issue from the 
slope of the cone ” a little 
way below the summit. 

The date of the last eiuption 
IS unknown, but the un- 
changed condition of the 
cratei shows that there was 
none between December 
1857 and April iSsi. 

remperature *‘too high to 
be borne by the hand, the 
mercury in the only ther- 
mometer in our possession 
rising immediately to 140° — 
its limit.” 

Dr Playfaii , Selec. 
Rec Govt of India 
(Home Pt partment). 
No XXV, p. 123. 
Mem. G. S, 1 , Vol. 
XXI, p, 26b Dr. 
Plain ; see below. 

mi. 

• • • « 

“A natuial boiling spring,” 

Dr. Mount; Reseaiw 
rhes amount the 
Andaman Islanders. 

iptb March, 1858 

“Clouds of hot watery 
vapoui,” with a sulpbuious 
smell, issued from cracks 
near the summit, on the 
northein and southern 
«»clges of the crater. 

The recent lava streams 
wete (superficially) *‘cold.” 

**The water, where escaping 
from the rock, must nave 
been nearly at the boiling 
point ” 

Dt. Liebig; Zeit« 
EC h rift dot Deiitsch 
Geol. Gtr,cU.''’iaft, 
Vol. X, D. 290. 
Selec. Rcr. Govt of 
India, No. XXV 
0.126, AlsomViir. 
A-', Soc. tcnt,ai, 
Vol. XXIX, n. ij 
and in Mouatrs Re- 
searches. 

k 863 

Sulphurous vapours issuing 
along the edge of the 
crater. 

“ Scalding hot” . . 

Rev. C. Parish ; Pro- 
ceedingi, Roy. Geog. 
Soc.,Vol.VI,p.2i7. 

19th April 1866 

A whitish vapour was evolved 
from several deep fissures 
near the summit. 

158® to 163* F. . . • / 

Andaman Cioramittee ; 
Proceedings Ac. 
Soc. Bengal, Oct. 
i86b, p. 215. 

March 1873 

Fiom the highest point on 
the northern edge of the 
crater a thin column of 
white vapour, and sulphu- 
rous fumes were slowly 
poured forth. 

13^ a « • • « 

Prof. V. Ball; Recoi da. 
G. S. 1 ., Vol. VI, 

p. 88. 
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Date. 

Condition of volcano. 

Temperature of hot spiinga 

Authority. 

Feb. 1SS4. . 

Superheated steam^ with sul- 
pnuious vapour issued 

rather copiously from the 
sotfatara on the north side 
of the crater, the column, 
as it rose into the air, being 
visible fiom the landing- 
place, or even some di-^tance 
out at sea. Steam, in 
smaller quantity, issued 

from some other spots also. 

106° to 116“ . . , 

F. R. Mallet; Mem. 
G.S.I., Vol. XXI, 
p. 273# 274. 

a^th April 1886 . 

**From the Ship the thin 
column of steam (from the 
central cone) could be bare* 
ly seen at 3 miles distance.” 

no" . . . « 

Capt. Carpenter, 

I.M.S. 

* Investigator *j Re- 
cords, G. S. I., 
Vol. XX, 0.48 Mr. 
Oaley, of Investi- 
gator; Ex. Cit. 

April 1891 , 

Some steam Issued from the 
crater but considerably lesn 
than in 1886; it was not 
visible from the sea, or eve^ 
trom the landing-place. New 
crusts of sulphur, from i 
to 2^ inches thick, had been 
foimed at the solfataias 
ance February 1884. 

102 to lod . ■ . . 

Dr. Prain : Proceed- 
ings, As. Soc., 
Bengal, May, 1891, 
p. 84. 

1894 . 

The Volcano is apparently 
entering on a period of ics 
newed activity.” This 
Bomeivlidt vague statement 
docs not seem to have been 
corroborated 


Port Blair coi i espon- 
dent of the Allaha- 
bad ‘Pioneer’, quot- 
ed in ‘Nature’, 7tli 
lune t894,2p, 131. 


Bibliography of Barren Island and Narcoiidam,yV(??« 1884 1894; 

mth some remarks by F. R, MallET, F.G.S,, late Superintendent t 
Geological Survey of India^ 

The Bibliography of the Islands np to 1884 may be gathered from Pr, V. Ball’s 
paper in an earlier volume of the records,^ from my report of 1884, and from the 
preceding pages. The following papers have appeared during the last ten years, 
but I am not prepared to say that the list is complete, as there may be other refer- 
ences to ihe Islands which have escaped my notice. 

i, ^'Volcapo of Barren Island in the Bay of Bengal” : American Journal of 
Science, Vol. XXXI (1886J, p. 394. A critical notice of my Memoir, by Pro- 
fessor J. D> Dana.* 

» Vol. VI (1873), p. 81. Republished in the Geological Magazine 1879, P* lA 
* It it, perhaps, worth tneotioning here, that the statement, alluded toby Prof. Dana, 
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The writer discusses the way in which the upper part of the cone of a volcano is 
destroyed, and a great crater, like the ancient one of Barren Island, produced. 
Hd holds that, during a paroxysmal eruption, the portion of the cone in question 
is not blown away peacemeal, but that the walls of the crater are undermined by 
the melted lava, and sink down in consequence into the abyss beneath. “ Finally 
in the catastrophic eruption when the force from the rising vapours and from other 
conditions becomes greater than the mountain can withstand — a point often abrupt- 
ly reached — the sides break and one or more fissures let out the liquid lavas* 
However explosive the action, the solid rock of the summit of the cone, while it 
may be more or less removed by the forces engaged, instead of being projected 
over the outer slopes, sinks down into the abyss so made. Thus a volcanic cone 
under the most formidable of explosive eiuptions may lose its head, but if so, it is 
by swallowing it, or simply by a collapse. The same is the process in quiet 
Kilauca, the solid lavas of the borders of the fiery region sink because the discharge 
of the liquid rock makes a void beneath them.” 

A subsidence of the lava in Kilauea, and concomitant collapse of the crater 
walls into the fiery lake, which took place last July, was observed by Mr. L. A. 
Thurston, apparently the first actual eye-witness of such an occurrence. His 
graphic accountMs in complete accordance with Professor Dana’s view. But Kilauea 
is a volcano of an unusual type, and widely different from Vesuvius or Barren 
Island, However large a share engulphment may have in producing great craters 
in volcanoes of the latter type, that it is the sole agent and that ejection of the 
material of the crater wall, in a more or less communicated state (produced mecha- 
nically, or by fusion), never plays a prominent part in the affair, is an opinion 
widely at variance with that held by most volcanologists. 

2. “ On soundings recently taken off Barren Island and Narcondam by Com- 
mander A. Carpenter, R,N., H.M.I.M.S., ‘ Investigator,' the officer in charge of 
the Marine Survey of India.” By F. R. Mallet. Records, Geological Survey of 
India, Vol. XX of 1887, p. 46. 

The results of soundings, taken in May i886, are given with some remarks 
thereon. The depths measured within four miles of Barren Island range up to 855 
fathoms, and those within a league of Narcondam up to 653. .Sections of the 
islands aie appended, based on Captain Carpenter’s soundings and Captain 
Hobday’s maps. 

3. “ The volcanoes of Barren Island and Narcondam in the Bay of Bengal.” 
By V. Bali, M.A., F.R.S.. F.G.S , Geological Magazine, 1888, p. 404. 

Mainly a notice of the chief results of the survey by Captain Hobday and myself 
in 1884, with some remarks thereon. Refers to the eruption of January 1804, seen 
by an officer of H. M. S. ‘ Caroline’ i^ide preceding paper.) 

4. “ The Andamans and Andamanese.” By Colonel T. Cadell, V. C,, Scottish 
Geographical Magazine, February 1889, p. 56. 

Includes a brief account of Barren Island, written partly from personal observa- 
tion, partly from previous descriptions. 

that the cone “ has been entirely built up daring the last 1800 years,” is not merely in con- 
nection wUb Barren Island, but a quotation from Professor Judds’ * Volcanoes,’ in reference 
to VesQvius, 

1 American Journal of Science, Vol. XLVIII (1894 ),p. 338. 



36 Records of the Geological Survey of India. [VOL. xxviii. 

5. “ On the present condition of Barren Island.” By D, Prain, M B., Proceed- 
ings, Asiatic Society of Bengal, May, 1891, p. 84. 

Gives some of the geological results of a visit in April 1891 •—An abstract 
of these is included in the preceding table. 

6. " Remarks on the Fauna of Narcondam and Barren Island. “ By D. Prain, 
M. B., Proceedings, Asiatic Society of Bengal, April, 1892, p. 109. 

The paper is almost entirely geological, but, at the end, contains some remarks 
on the relation between the geology and biology. The author recognises that the 
islands are, and always have been, oceanic. The present physical conditions 
In Narcondam appear, moreover, to be very ancient \ there is no trace of a crater at 
the top of its peak which rises 2,330 feet above the level of the Andaman Sea, and 
the whole island is clad with a dense jungle much richer in species than the forest 
on,Barren Island is. But though the present biological features of Barren Island 
are of a much more modem aspect, it is not necessary to consider that island as 
really less ancient than Narcondam. The topography of its outer cone, combined 
with the historical fact of recent activity on the part of the volcano, points to the 
possibility of some catastrophe similar to that which devastated Krakatau, having 
once happened in Barren Island, and if this has been the case it would follow that 
the island must have required, even if previously covered with vegetation, to be 
stocked de now with vegetable and animal life. Still, granting that the present 
fauna and flora of Barren Island are of more recent introduction than those of 
Narcondam, tlie feet remains that we must look upon every species present, even 
injhe island with the older biological features, as an immigrant one, ” 

The only catastiophic outburst of which evidence still remains, and that, I 
presume, referred to by Dr. Prain is the one which probably effected the trunca- 
tion of the ancient cone, and originated the crater now over a mile in diameter. 
From a biological point of view, as well as from a geological one, therefore, 
the period at which this change took place is of some interest. It is impossible to 
form any definite estimate of the time involved, but there is reason to believe 
that the event occurred at a veiy remote epoch. The deep gorges which score the 
external slopes of the volcano, point to long-continued denudation, which shows 
no apparent signs of having been interfered with by lava flows from the ancient 
cone. But still more suggestive is the gorge which debouches into the crater 
S. S. E. from the hot spring, unless, as is conceivable, this ravine, drained into a 
great east and west “ barranco which may possibly have existed prior to the ori- 
gination of the present amphitheatre, the ravine must, apparently, have been 
excavated since the amphitheatre was formed. That is to say, since the event in 
question, some hundreds of feet of alternating scoriae and lava beds have been cut 
through near the mouth of the gorge, where it is deepest. The stream, too, which 
has done the work, owing to its small sise, and the porous nature of the rocks, is 
under the disadvantage of flowing only in the rainy season, and perhaps not 
constantly even then.t 

The time indicated above is so immense, compared to that during which the 

^ The water* for some distance seaward from the breach, appears to have been somewhat 
reduced in depth, owing, doubtless, to the material swept into the sea from the gorge just 
inentioned,aiid from the amphitheatre generally, combined with the submarine portion of the 
recant lava (cf. sections In Vol. XX, p. 48.) 
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materials of the present cone may have been piled up,^ as to suggest that the 
paroxysmal eruption, supposed to have truncated the ancient cone, was perhaps 
followed by a long interval of quiescence, before the building up of a newer cone 
was begun, and several such may have arisen, and been destroyed, before the 
present one was reared. In comparison with the antiquity of the older cone, the 
existence of the present one may date from almost yesterday. Or, to put it 
differently, while the duration of the one must be measured by geological time, it 
is possible for the other to have originated during an even historically recent 
period.® 

Gi anting that life was extinguished by the catastrophe just alluded to, as 
suggested by Dr, Prain, the question may be raised whether the present fauna and 
flora date from that epoch, or from a still later destruction due to some overwhelm- 
ing shower of ejecta. I am not competent to express any opinion as to the time 
required to re>stock the island : but looking simply to the probable intensity of 
the eiuptions in comparatively recent times, since the present cone was 
commenced. 1 see no cogent ground for regarding a total destruction of the 
island life as very probable. There is no reason for assuming that the earlier out- 
bursts from the present cone were on an essentially grander scale than the later 
ones ; and I have shown in the preceding paper that a large fraction, perhaps half 
the bulk, of the cone^ has been added by the eruptions that have occurred since 
1789. But Test’s sketch shows that the exterior slopes of the island were well- 
wooded at that date, and that the aiboreal vegetation was not subsequently destroyed 
may be infened from Capt. Miller’s describing the outer slopes as well-wooded in 
1843, and fiom the fact that no remains of lifeless forest have ever been noticed.* 
At the same time it can scarcely be doubted that considerable damage has been 
done to the vegetation, perhaps on many occasions. But such damage would be 
much more severe in the amphitheatre than on the exteriml declivities.® 

7. “Note on the occurrence of quartz in an Indian basic volcanic rock,” By T. 
H. Holland, A. R. C. S., Bulletin of the Microscopical Society of Calcutta, Vol. II, 
No. 6 (1893), p. 3. 

The rock in question is from Narcondam, and described by the author as a 
basaltic andesite, the quartz being regarded as of volcanic, not extraneous origin. 

^ CL remarks in preceding paper in connection with Blain’s visit, and Mem* G, S. I., 
Voi. XXI, p. 265. 

‘ If we may regard the relative bulks of the two cones as giving some sort of rude illus- 
tration of the orders of magnitude of the two periods involved, we find that while the newer 
cone is about r,ooo ft. in altitude, the ancient one was probably once 8,000 or 10,000 from 
the sea floor (Vol. XX, p. 4h), requiring, perhaps, 300 or 1,000 times as much material. 

® That is to say, the cone above aea-level, and not including the mass of material which 
was doubtless required to fill up the ancient crater to that level. 

* Cf. Memoirs, G. S, I.. Vol. XXI, p. 263. 

® If the view expressed in the above paragraph be correct, the island can scarcely have 
acquired its name from any striking barrenness of the now well-wooded outer slopes, Al- 
thongh I believe the name was most probably given on account of the barrenness of the newer 
cone, and parts of the amphitheatre, it has occurred to me, as a possibility, that, as the word 
Narcondam is of eastern origin, so * Barren’ may be an English corruption of some name 
applied by the Asiatic sailors of the region in question. The Hindustani 6 arna, to burn, 
Baraf, burning, and Barhitt Jon, a volcano, for instance, are somewhat suggestive. Some re- 
ference to the island may yet be discovered which will elucidate the origin of the name. 
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8. “On the Volcanoes and Hot Springs of India, and the Folklore connected 
therewith," By V. Ball, C.B., LL.D., F.R.S. Proceedings of the Royal Irish 
Academy, 1893, p. 151. 

Refers, initr alia, to Barren Island and Narcondam. 

9. “ The Volcanoes of Barren Island and Narcondam in the Bay of Bengal." 
By V. Ball, C.B., LL.D., F.R.S., Geological Magazine, 1893, p. 289. 

Descriptive of a model of Barren Island, constructed under the author's superin- 
tendence, and based chiefly on the data supplied by Capl. Hobday's map. A bird’s 
eye photographic view of the model is given, in which the seasurrounding the island 
is also represented. The paper concludes with some notes on the fauna of the islands. 

10. “On the flora of Narcondam and Barren Island." By D. Prain, M.B. 
Journal of the Asiatic Society of Bengal, \ ol. LXII (1^93), Part II, p, 39. 

A memoir divided into three sections. The first, or ‘Introductory sketch,’ 
commences with some remarks on the hydrography of the Bay of Bengal (in its 
wider sense), for the portion of which, enclosed by the Andaman and Nicobar Is- 
lands, Alcock’s name of ‘ Andaman Sea’ is adopted. Carpenter's soundings round 
the two volcanoes^ are reproduced, with some additions : the configuration of each 
island is described, and a summary account of its vegetation given, ^ the soundings 
round flat rock® are added, which the author very plausibly suggests is probably of 
Volcanic origin. The bathymetry of the Andaman Sea is reviewed, and the ques- 
tion of the northern prolongation of the line of volcanoes through the Sunda Islands, 
Java, Sumatra, Barren Island, and Narcondam is discussed. This the author, 
following Dr. W. T. Blanford, considers, is to be found in the extinct volcano of 
Puppa, in Upper Burma, and that near Momein, in Yunnan, which, as he remarks, 
lie in common with the volcanoes of the Andaman Sea, to the eastward of, and 
rudely parallel to, the line of elevation represented by the Andaman Islands and the 
Arrakan Yoma. Evidence is likewise adduced to show that Flat Rock, Barren 
Island, and Narcondam are not isolated peaks rising from the sca-floor, but are 
situated along a submarine ridge. 

The second portion of the Memoir is an annotated list of the plants found on 
the islands, and the third discusses the “Nature and origin of the Flora.” 174 
species were discovered, of which 138 occur on Narcondam and 88 on Barren 
Island, only 52 being common to both volcanoes. In conclusion the probable 
mode of introduction — by the sea, by winds, by birds, or by man — is taken into 
consideration. Appended are two bathymetric charts of the area surrounding the 
Andaman Islands. 

An abstract of the Memoir was given in the Geographical Journal for M^ch 
1894, p. 334. 

i Records, G S. I., Vol XX, p. 46, 

* With reference to the foot-notes in Dr. Prain’ s Memoir, at pages 45, 49, 36, and 77, in 
connection with the occurrence of cocoanut trees on the islands, 1 may say that Air. Wight, 
sod Officer of the 1 . M. S> ‘ Celerity,' and 1 , landed at Coco Bay In Narcondam, and saw the 
trees in qnestion there. Wc found a large log of teak, with hewn ends, on the beach, which 
may be presumed to have drifted from the mouth of some Burman river,* a suggestive fact 
udth reference to the origin of the cocoanuts from which the trees have sprung, and of other 
species of plants also. We, and several other members of the expedition, also landed at 
Anchorage Bay, in Barren Island, the surf at the time being comparatively slight. 

® The rock east of Duncan’s passage, alluded to mote than once in the preceding paper. 
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DONATIONS TO THE MUSEUM. 

From ist November 1894, to 31ST January 1895. 


Seven specimens of ozokerite, from Boryslaw, Galicia ; i of slickenside in conglomerate 
(magura sandstein), from Czarnoozeki near Krosno, Galicia; i of Oil-bearing 
sandstone, from old shaft, Ober Hieroglyphen, Schiefer, Bobrka Oil-field near Kiosno, 
Galicia; i of Diorite with iron pyrites, from Bussein bridge, between Somirx and 
Dissentis, Vorder Rhine ; I Faceted pebble from the Boulder Bed of Mount Chel 
Salt Range, Punjab ; 2 Striated pebbles from Ramsay’s “ Glacial breccia,” 
Abberley; 3 Limestone pebbles, pitted, crushed and scratched by earth movements, 
from the Nagel flub of the Molasse, St. G alien, Switzerland ; 3 quartzite pebbles 
facetted by natural sand blast, Copitz, near Dresden. 

Presented by R. D. Oldham, a.r.s,m;., f.o.s,, 

Superintendent, Geological Survey op India. 

Octahedral crystals of magnetite, from Shamsunderpdr, Bankdra District. 

Presented by N. Bellettt, 

Specimens of mica from the Dhatu Mines, Pananoa hill, 5 miles S. W. of Nawadih, 
E. 1 . R. 

Presented by J. D, Jones. 


ADDITIONS TO THE LIBRARY. 

From ist October to 31ST December 

Titles of Books. Donors* 

Bronn, Dr* H. <?.~Klassen und Ordnungen des Thier-Reichs. Band II, Abth. 3, Hef. 

17-18 ; and IV, lief. 36-37, 8® Leipzig, 1894.. 

Leymbrib, 44.— Description Geologique et Palaeontologique des Pyr 4 n 4 es et de la 
Haute-Garonne, With Map and Atlas. 8® Toulouse, 1881. 


PERIODICALS, SERIALS, etc, 

American Geologist. Vol, XIV, No, 2. 8° Minneapolis, 1894. 

American Journal of Science. Vol. XLVIII, Nos. 285-288. 8® New Haven, 1894. 
American Naturalist. Vol, XXIII, No, 273; XXV, Nos. 297,298 and 300; XXVI, 
No. 302 ; and XXVIII, Nos, 333-335. 8® Philadelphia, 1894. 
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Fellows on ist Nov. 1894. 8® London, 1894. The Society. 
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„ Bulletin de la Socidtd G 4 ologique de France. 3me sdrie, Tome XXII, No. 5. 

8® Pans, 1894. The Society, 
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On the Jadeitft and other rockstfrom Tamraaw tn Upper Burma i hy 
Professor Max Bauer, Marburg University .* [translated by Dr. 
F. Noetling and H. H. Hayden). 


In the following pages I propose to describe the rocks collected by Dr. Noetling 
at the jade mines near Tammaw in Upper Burma, and which are now in the col- 
lection of the Geological Survey of India. These specimens including the jadeite 
and the serpentine (the most impoitant) bear all the characteristics of true rocks. 
Jadeiter-Tht jadeite forms a fine-grained mass, chiefly white, and bearing at 

first sight a certain resemblance to marble. The size of 
* the grains is not uniform ; they are at times so small as to 

be indistinguishable by the naked eye, while at times they are somewhat larger, in 
which case they are characterised by an elongated form and distinct cleavage. On 
account of the smallness of the grains no single individual could be separated, and 
further information could be obtained only by means of the microscope, I will, 
however, first describe the general appearance of the jadeite. 

The colour of all specimens under my observation is a clear snow-white on fresh 
rpn.i«i fracture; this monotonous white is, however, relieved by 

beautiful emerald-green spots, which represent the really 
valuable part, of the stone. They are of variable size, being sometimes as large as 
a lentil or a pea, sometimes attaining a diameter or several centimetres. The 
colour is in many cases very intense, but in others again quite pale, at times forming 
a faint film-like covering over larger or smaller portions of the surface. As it ap- 
proaches the white mass of the rock, the colour changes abruptly, without, however, 
there being any well-defined boundary between the two, The green colour is due to 
the presence of a small quantity of chromium, for powder of an intensely green colour 
gives an unquestionable Cr. reaction before the blowpipe : this, however, is less 
distinct when paler powder is used, and is entirely absent in the white portions of 
the rock. In the inner portions, when fresh, the lustre is vitreous, but towards the 
surface becomes somewhat duller, The fracture is uneven and splintery, while the 
hardness exceeds that of felspar, but is not so high as that of quartz, The tenacity 
is not very high ; at some places splinters can be easily removed, This character 
varies, however, in different specimens, and at times even in the same specimen. 
This I believe to be due to disintegration, and also in part to cataclysmic structure 
which, 'as we shall presently see, is a characteristic feature of the jadeite from’ 
Tammaw, 
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Special care was exercised in the determination of the specific gravity owing to 

the fact that in samples of jadeite from Bhaino, which might 
Specific gravity. p^j-yj^ps be considered identical with specimens from 
Tammaw, it was found to be very low. The average opecific gravity of the Tam- 
maw jadeite is about 3*3, while Issel gives that of two specimens of green 
jadeite from Bhamo, as 3*10, which corresponds with the values obtained by Damour. 
Mallet states that the s.g. of the Tammaw jadeite is 3*24. Six specimens of differ- 
ent degrees of coarseness served for my observations. In all of them the s.g. is 
high, and averages about 3’3, being sometimes higher, sometimes lower. By means 
of the hydrostatic balance and the pyknometer the following figures were obtained 

3 * 33 *j 3*33o» 3*329, 3*327, 3*325. No connection could be traced between 
the specific gravity and the texture of the rock. This variation of the s.g. is prob- 
ably due to small differences in the chemical composition. It is, however, difficult 
to explain the wide divergence of the resnlts obtained by Issel, Damour and others, 
and only by the examination of the s.g., chemical composition and microscopic 
characters of further material can we hope to solve this difficulty. All this, 
however, should of course be done for one and the same piece. 

Dr. Busz has made an analysis of one of the coarse-grained pieces (s.g.= 3*332), 

using as fresh and pure a portion of the rock as could be 
Chemical composition, The yesults of his analysis ate given under I. 

He specially notes the absence of chromium and oxides of iron, 
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The figures obtained by my analysis (I) very nearly agree with those obtained 
by Damour from a jadeite from Asia (II). If we adopt the views expressed by 
E. Cohen (Neues Jahrb. far Min., etc., 1884, Vol. I, p, 47)> the jadeite under ex- 
amination as well as that analysed by Damour would have the following composi- 
tion:— 90*1 per cent, of Nag 0, Al^ Oj, 4 Si Og, 4*59 of Mg 0, Al^ O 3 , 

4 Si Og, 1*28 per cent, of Ca 0, Si Og. On the other hand the silicate Fe 0, 
Si Og, which has been found in most other jadeites, is entirely absent, while in 
that from Asia 1*3 pet cent.is present. Column III represents the average of I and 
II, while IV and V give the figures obtained by Oliver C. Farringdont from an 
analysis of jadeite from Mogaung. 

The microscopic examination shows that the ground-mass is composed of a 

. . . confused aggregate uf irregular prisms, varying in size; 

Microscopic chatacteM. cases the same, 

and nearly equal to i mm-, but as a rule the prisms are elongated, their length con- 
siderably exceeding their breadth. In no case, however, did I observe a breadth 

> Proceedings of the U. S Nat. Museum, Washine'too, 1894, Vol. XVII, No. 981, 
pp» 09**^** 
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of less than o'l mm. The ground-mass of the jadeite is perfectly pure, and 
without a trace of any accessory mineial. The prisms are perfectly colourless, 
except at the boundary between two individuals or along small cracks, where 
a slight discolouration may be seen, probably due to subsequent infiltration. The 
green spots always retain their colour even in slices : it is, however, veiy pale, 
even in cases in which it was originally intense. In very pale sections no 
pleochroism is noticeable, but thicker slices are slightly dichroic, the colours 
ranging from a bluish to a yellowish green. The prisms are at times colourless 
in places. In the centre of the green spots they are coloured, but as they ap- 
proach the surrounding while ground mass, they begin to lose their colour, and 
become partly green and partly white. Hence we see that the green patches in 
the white ground cannot be due to an aggregation of green mineral grains at cer- 
tain spots, but we must imagine local inpregnations to have taken place by means 
of a colouring matter containing chromium in solution. This permeates each spot 
with such uniformity that it does not appear to have any well-defined form even 
under the highest powers of the microscope. The green prisms are exactly similar 
in every respect to the white ones, with the sole exception of their different colour. 
No pitting of the surface can be noticed, the crystals appearing perfectly smooth : 
hence their refractive index is not high. Very minute liquid enclosures are locally 
numerous, occurring at some spots in aggregates of several individuals : more often, 
however, they are entirely absent. The characteristic cleavage of augite is very fre- 
quently extremely well-marked. In cross-sections the two cleavages intersect almost 
at right angles. The angle, however, depends oi course on the direction in which 
the section has been cut. In none of my observations could I discover any differ- 
ence in the two prismatic cleavages, which appear to be everywhere equally perfect. 
Hence, the cleavage of jadeite certainly does not justify us in including it among 
the triclinic minerals. In addition to prismatic, pinacoidal cleavage also occurs, 
and still more frequently, a cleavage transverse to the prismatic zone similar to that 
of diopside and other pyroxenes. The angle between the cleavage in this direction 
and that parallel to the prism faces is about 90° I obtained values up to 96°, but 
this angle depends of course on the direction in which the slice has been cut. These 
cleavages frequently subdivide the prisms into single segments, having a strong 
resemblance to cross-sections of the prisms. They differ, however, from the latter 
in being leas regular. 

In polarised light, the prisms show very vivid interference colours. On sections 
with oblique extinction, the angle of extinction is very high, rising to 40®. Numerous 
longitudinal sections, however, have straight extinction, one direction being parallel 
to the cleavage and the other normal to it. In convergent polarised light the per- 
fectly transparent crystals give very fine and clear interference figures, while owing 
to the thinness of the slide the narrow rings, as well as the vivid polarisation colours 
in parallel light, indicate a strong double refraction. According to the direction in 
which the section has been cut, these figures show the well-known differences in 
shape, On longitudinal sections, however, with straight extinction, one or two axes 
always undergo dispersion, with a wide axial angle, and the plane of the optic axis 
is parallel to the cleavage and perpendicular to the direction in which the section 
has been cut. If we include jadeite in the monoclinic system, then these sections 
are parallel to the axis of symmetry and the axial plane becomes the plane of 
symmetry. The above optical property Is intimately connected with the crystal* 
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line form, and corresponds to that of all other monoclinic pyroxenes, which, with- 
out exception, show inclined dispersion. This, however, cannot be observed in the 
case of jadeite, owing to its wide axial angle. If, on the other hand, we place 
jadeite in the triclinic system, these optical properties will be anomalous. It seems 
therefore impossible to suppose that the mineral belongs to that system. It is true 
that in cross-sections, the diiections of extinction are frequently not symmetrical to 
both cleavages. This symmetry, however, is found in the monoclinic system only 
when the direction in which the slice has been cut is parallel to the axis of symme- 
try, Otherwise, the direction of extinction forms dillerent angles with the two sys- 
tems of cleavage, and the difference of the angles depends on the more or less 
symmetrical position of the cleavage prism with regard to the plane in which the 
section has been cut. The optical symmetry is therefore no proof of the triclinic 
character of the mineral ; and in our special case has absolutely no weight, inas- 
much as cross sections also occur showing optical symmetry. The above refers 
chiefly to the properties of a single individual of jadeite. These, however, are fre- 
quently intergrown, and at times occur as a number of long prisms, forming a 
ivergently radiating group with interpenetration, and producing a perfectly uni- 
form groundmass. The longitudinal axis of the prisms do not point in any one 
direction more than in another, hence the groundmass consists of an aggregate of 
completely directionless individuals. In none of the specimens, however, is the 
original structure entirely unchanged. Frequently it is locally very distinct, but 
equally frequently it is more or less disturbed, in which case the prisms are no 
longer straight, but become more or less curved, and not infrequently distorted -and 
broken : the fragments are then pushed out of place and a differently oriented 
substance squeezed in. The distorted prisms frequently exhibit at their ends a 
sort of fringing, which like the distortion is the result of mechanical action. The 
result of this action, however, is not merely bending and distortion, or fracture and 
fringing at the ends, but it even extends to the total smashing of the entire 
groundmass, which then no longer consists of elongated prisms, but becomes an 
‘'aggregate-polarising” agglomerate of small grains, which are the remains of 
the crushed prisms. Some of the prisms still remain in the fine-grained aggregate, 
but they clearly exhibit bending, distortion or some form of deformation. Some- 
times it is possible to trace a transition from the fine grains to the complete prisms. 
In fact, this is one of the finest instances of cataclysmic structure, which can only 
be explained by means of violent compression of the already formed rock. The 
structure is of course better developed in some specimens than in others ; but 
wherever it is well-marked, two other phenomena may be observed in those jadeite 
prisms which have been preserved ; these are evidently due to the same causes 
as the cataclysmic structure. One of these phenomena is an undulating extinction 
which is apparently attributable to a slight deformation of the jadeite prisms. 
The other is polysyntbetic twinning, so similar to that of plagioclaae, that at first 
glance the twinned jadeite crystals might easily be mistaken for that mineral. 
The jadeite twins, however, gradually pass into single prisms, and the general 
properiies of the twinned crystals are so exactly similar to those of the single 
individuals that no doubt of their identity can be entertained. The twin lamell» are 
not very broad ; in fact, as a rule, they are narrow \ they are always numerous, more 
twriicularly in. the latter case* Twinned prisms are frequently bent throughout and 
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fringed at the ends. It appears that the twins are most numerous in the portions that 
have suffered the greatest ciushing, and are absent where the effects of pressure 
are not well marked. We must conclude, therefore, that under favourable con- 
ditions crushing and pressure would produce in the jadeite a re-arrangement of the 
molecules into twins, similar to that observed in calcite. This, however, must have 
happened only in rare cases, for it had not hitherto been observed. The twinning, 
plane, which in this case must be looked upon as a fault-plane, is distinctly seen to 
be a transverse plane, corresponding to that otherwise observed as a twinning-plane 
in pyroxene. 

a. The groundmass of the serpentine is dense, appearing complete- 

Serpentine. ly homogeneous, with a very dark, somewhat brownish-green 

General appearance, colour, which spreads evenly over the whole surface. 
Fracture uneven and splintery. Hardness considerable, exceeding that of pure 
serpentine ; apatite is distinctly scratched in some instances. Under the microscope 

cause of this anomaly is at once evident; for the 
' specimen is seen to be an altered olivme-rock, the 
alteration of which into serpentine is not quite complete, but the process of serpen- 
tinization is proceeding in the usual manner along cracks and fissures. In micros- 
copic sections, the olivine is perfectly colourless and transparent ; in thick slices, 
Olivine however, it shows a greenish-yellow tinge. It forms an 

* aggregate of rather coarse grains, which in several instances 

have a diameter of more than i cm. They are always irregularly circular, no indi- 
cation of crystal faces being traceable. Between the larger grains, which through- 
out the slide extinguish simultaneously, occur aggregates of very minute, confused 
and variously oriented grains, which appear to be derived from larger olivine grains. 
This phenomenon seems to be analogous to the cataclysmic slructuro of the jadeite, 
a view which is supported by the fact that the serpentine possesses other properties 
which are undoubtedly due to mechanical pressure. The olivine individuals and also 
the aggregates formed by the small grains are intersected in the usual manner by 
g , strings of serpentine of a greenish-yellow colour, which 

^ usually show a distinct and very fine fibrous structare> 

running in most cases parallel to the walls of the small fissures : in a few cases, 
however, they are perpendicular to the walls. The rock is therefore a fibrous 
serpentine, very similar to chrysotile, and closely resembles it in the vividness of its 
polarisation colours. In microscopic slices these rise to the blue of the 2nd order, 
bnt by a combination of several fibres lying one upon the other, fall at times to an 
iron-grey of the ist order. In all fibres, the direction of extinction is parallel to the 
fibres, corresponding to the axis of least elasticity as in the case of chrysotile. The 
strings intersect each other very irregularly as a rule, but occasionally cross in 
straight lines at right angles to one another, in which case, when the olivine appears 
dark in polarised light, a regular mosaic-like structure is produced. With the 
exception of numerous small black grains, with metallic lustre, no other minerals but 

olivine and serpentine can be seen. These black grains 
» diameter of i mm„ are magnetic, and hence are 
probably magnetite. B. b. they give no titanium reaction. 
Some of the grains are not magnetic, and in the borax bead give a marked Cr, 


Serpentine. 


Magnetite and other 
accessory constitnents. 


reaction : they must therefore be chromite or picotite, most probably the former, as 
they did not appear to be particularly hard. These grains are unquestionably the 
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source of the Cr. which permeates portions of the jadeite, producing the green patches. 
In the specimens under observation, however, no mineial can be identified as 
chromite or picotite ; if, however, a larger number of specimens were examined, 
I have no doubt that sections of both minerals would be found. Under the 
microscope, the grains of magnetite exhibit very regular octahedral outlines ; they are 
sometimes single, but not infrequently form parallel aggregates of small individuals, 
which, however, are not true skeleton crystals. The whole of the magnetite is 
always found among the serpentine fibres, and not a trace can be discovered in 
the fresh unaltered olivine ; it is therefoie unquestionably a secondary product of 
the alteration of the olivine into serpentine. A specimen of the serpentine rock, 


Specific gravity. 


which had been freed as much as possible from magnetite, 
gave a s. g.of s'SsS. If we take the s. g. of pure ser- 


pentine as being that of the pikrolitc from Amelose, 2*551, and further if we 
take the s, g. of pure unaltered olivine as being that of chiysolite from the East, 
3*331) we deduce fiom the s. g. of the sorpentine from Tammaw (2‘838j, 


Composition. 


the fact that it contains 43*19 per cent, by weight of olivine 
and 56*81 per cent, of serpentine. The percentage by 


volume being— 


Olivine . ■ . • 3®79 per cent. 


Serpentine . . . . 6321 „ „ 


These figures are of course not absolutely correct, but give a very fair idea of the 
composition of the groundmass, and certainly prove that not more than one half 
of the original olivine has been altered into serpentine. The newer portions of 
pure serpentine, usually observed in connection with this form of alteration, arc 
not absent in the present case. Strings of pikiolito, in particular, may be seen 
Pikrollte running through the rock. These veins are of lighter 

colour than the chief mass of the rock, and are, as a 
rule, very narrow. Some, however, attain a thickness of nearly 2 cm. Some 
specimens, the outer surface of which is composed of pikrolite, exhibit the 
characteristic course, straight, striated appearance, producing the effect of a 
slickenside ; and one of these specimens gives unmistakable evidence of the 
tremendous crushing and pressure which I have already mentioned. Numerous 
fissures distorted and bent and sometimes very complicated pass light across the 
Btriations, occasionally dying out and being replaced by new ones. They are paitly 
filled with finely fibrous serpentine, resembling chrysotile, the fibres of which are 
usually normal but sometimes oblique to the walls of the fissure. Occasionally they 
contain pikrolite, of varying microstructure, of which I shall speak presently. The 
Btrise on the pikrolite are displaced by these fissures, producing step-like markings 
on the striated surface. Sometimes, in consequence of this displacement, single 
parts are forcibly bent, and the pikrolite moie or less squeezed into the olivine and 
serpentine. Evidence of the same crushing may also be seen in other specimens 
of serpentine. In one case the result is a number of thin lamellse, while the 
whole mass is squeezed into an irregularly rounded lenticular form, the rock having 
a soapy feel. On fr^h fracture, the pikrolite has faint fatty lustre, but on the 
natural surface this lustre is much more marked. The colour is light green, with 
ft distinct gr^sh or yellowish tinge. Only very rarely is the colour unfiorm, 
darker patches usually occurring here and diere. The surfetce of the specimens, 
and at ritnes- even the walls of the inner fissures, are covered with a thin layer of a 
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white substance of lustre varying from mother-of-pearl to fatty. Like the serpentine 
fibres which intersect the olivine, the pikrolite contains much magnetite in the 
form of irregular grains, some of which aie as large as a pea or even a hazel-nut. 
I have found no non-magnetic metallic grains, nor could I obtain any Cr. reaction. 
To the naked eye the pikrolite is peifectly opaque. 

In places, the newly formed mineral is coarsely fibrous, the fibres being bent 
and curved, and the mass having the appearance of metaxite. True chrysotile, 
recognisable by its peculiar silky appearance and metallic lustre, does not seem 
to occur in large quantities. Tire specimens under observation show indications 
of it, but not its typical development. Under the microscope, the pikrolite is light 
yellow, almost colourless, and not pleochroic. It can hardly be distinguished from 
the surrounding Canada balsam, and must therefore have the same refractive index. 
Brownish patches occur here vT,nd there in the colourless groundmass, these are due 
to infiltration of hydroxide of iron. Their structure is always radial to fibrous, but 
the fibres are not so fine as those of the pikrolite. Not infrequently, broader fibres 
occur, forming divergent clusters. Like the single rays and fibres these clusters 
cross one another confusedly at various angles. Larger grains of magnetite are 
fairly common, always quite fresh and intimately associated with the rays and fibres, 
at times completely surrounding them and producing the effect of fluidal structure. 
The polarisation colours are blues of the second order, and, more often, iron-greys 
of the first order. 

The pikrolite which occurs tin strings and fissures, diSerS from that just 
described. This variety is formed in th,e centre of small radiating fibrous clusters, 
which in polarized light very distinctly show the black cross : the more nearly they 
approach to the walls of the fissures, the smaller do these clusters become ; and 
they decrease in size more and more, till at length they disappear, becoming so 
small that even under the highest power of the microscope ( x 600) they cannot be 
individualised. In this case, the whole seemingly structureless mass exhibits in 
polarised light an iron-grey colour, in which may be seen here and there a black 
cross, due to some larger clusters embedded in the minute ones. 

I have already mentioned a white mineral which covers the surface of the 
plates of pikrolite and fills up the fissures. To judge from its mother-of-pearl 
lustre and soapy feel one would be inclined to identify it as talc. Under the 
microscope, however, it is seen to be a confused mass of mineral fibres resembling 
pik rolite ;but whether it is fibrous pikrolite or chrysotile can only be determined 
by chemical analysis, for which the material at my disposal is not sufficient. It is 
highly probable that, comparatively speaking, a large proportion of this mineral 
composes the intermediate layer between the serpentine and the jadeite. Unfor- 
tunately, however, I have no specimens of that layer. 

Certain other substances accompany the serpentine in small quantities. Grown 
over the pikrolite are small blackish-brown grains, exactly resembling websfcyite 
as first described by R. Brauns. This mineral was discovered in some serpentines 
derived from palaeopikrite from Hessen, Amelose and Reichenstein in Silesia. In 
miscroscopic slides, these grains become of a light brown colour and transparent, 
being scarcely affected by polarised light. Unfortunately there is not sufficient 
material for a more exhaustive examination, but such characteristics as 1 have 
succeeded in observing, agree so well with webskyite that there can be no doubt as 
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to their identity, and R. Brauns \^as therefore correct in assigning such a wide dis- 
tribution to that mineral. In addition to the above mineral, there occur small 
rounded or string-like and very fine-grained portions of a mineral of yellowish 
colour, not affected by hydrochloric acid. This may possibly be a hornstone quartz, 
such as is frequently found in serpentine. Carbonates, which are not uncommon 
in serpentines, are entirely absent, for no trace of effervescence could be observed 
either with hot or cold HCl. 

3. Albiie-hornhUnie The only specimen under my observation is of 

Albite-hornblende about the size of the fist, and apparently formed part of a 
rock. large boulder exhibiting both rolled surfaces and fresh 

General appearance, fracture. The rolled surface is brown owing to impregna- 

tion by hydrojdde of iron, the coloration extending for some distance within the 
rock, but gradually fading and eventually disappearing. At the first glance, one 
would be inclined to identify this rock as a saussuritic gabbro, owing to the 
appearance of the fractured surface. The fine white sugary groundmass contains 
grains of a brown mineral, which cleaves easily and has a metallic lustre on the 
cleavage faces. Examination proved, however, that these two component parts 
are neither saussurite nor diallage, and hence the rock is not a saussurite gabbro, 
but represents a new type. The beautiful, snow-white groundmass is almost in- 
distinguishable from some saussurites, as, for example, from that of Hamberge 
near Frankinstein in Silesia. It has the hardness of felspar, and fuses with great 

Specific gravity difficulty before the blowpipe, The s.g. of two fragments 

were 2*599 2*576, which gave an average of 2' 587. 

Under the microscope, the groundmass is seen to be a homogeneous aggregate 
Microscopic charac- ^f very small irregularly rounded grains, varying in size 
ters, from ’02“®' to a fourth or fifth of that size. These grains are 

'^**^’*®* almost perfectly pure; enclosures being entirely absent, 

with the exception, perhaps, of a few small liquid enclosures with moveable bubbles. 
The grains are perfectly transparent and colourless, and between them occur 
foreign particles, which, however, are never included in them. The white grains 
show no cl^vage faces, but are ciossed in one direction by a series of fine cracks, 
indicating a perfect cleavage. In some cases numerous fine twin lamell® of 
plagioclase occur : these, however, are not very common. The polarisation- 
colours are very vivid, and the surface of the grains is perfectly smooth and with- 
out any pitted appearance. Some grains give the interference figures of biaxial 

crystals, with a wide axial angle, which, however, cannot be 
measured. According to the analysis of Mr. Busz, the 
white groundmass is composed of-— 


Chemical 

tion. 


compoai- 


I 

n 

64*60 

68*6a 

19*92 

19*56 

1 traces. 


i*oa 


14*01 

11*82 

99*55 

100*00 


S1O9 

AI,0, 

CaO 

MgO 

KaO 

NsaO 


It is therefore unquestionable that this represents an aggregate of albite grains 
most of which are single individuals. This view is also borne out both by the 
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chemical and physical properties of the mineral. The composition certainly 
appears to differ somewhat from that of pure albite given under No, II, but we 
must remember that the groundmass is not entirely composed of pure albite, but 
also contains the foreign particles, of which we shall presently speak. The ground- 
mass is slightly affected by HCl., and although albite has been stated to remain 
unaffected by this acid, it is undoubtedly acted on to a certain extent. 

The brown mineral resembling diallage, scattered through the white ground- 
Hornblende ’^ass, has been proved to be hornblende. It occurs in 
single crystals of various si^ses, the largest being nearly 
4 cm. by 2 cm. This, however, is less than the original size of the crystal which was 
on the surface of the specimen and has been considerably broken. As a rule, the 
crystals are smaller, but are always as large as a pea. They are not numerous, 
being scattered throughout the rock. Their outline is generally irregular, although 
at times rough crystal faces can be made out. The colour is that of brown hair, 
but sometimes grey, and the cleavage faces have a metallic lustre, resembling 
diallage or bronzite. Each crystal is bounded by a green margin, while the surround- 
ing groundmass is also coloured green. In both cases, this coloration is due to 
numerous microscopic enclosures to which I shall presently refer. In all these 
hornblende crystals, one of the two very well marked cleavage faces is unusually 
large, and thus gives the crystal its resemblance to diallage or bronzite. Th® 
second cleavage is everywhere equally perfect, and these two meet at an angle of 
124° 47', the characteristic angle of hornblende. This value was obtained by 
measuring three se parale splinters, and in every case the results only differed by a 
few minutes. On one of those splinters a broad plane was observed truncating 
the obtuse prism edges ; this plane corresponds to the orthopinacoid (too, 00 ¥06) 
The hornblende showed no signs of fibrous structure. 

Owing to the small amount of material at my disposal, I was unable to make an 
analysis. ^ The green margin, however, as well as those parts of the albite ground- 
mass which surround the hornblende crystals, gave with borax an unmistakable 
Cr. reaction; but no Cr. could be detected either in the brown or greyish portions 
of the hornblende or in the white albite, The micro-chemical examination of the 
hornblende proved the presence of silica, magnesia, lime, iron, and a little alumina 
but no alkalies. The average s.g, of the brown splinters was obtmned in methy- 
lene iodide, and proved to be 3’ 10, being the average of two separate operations. 
These figures, as well as the cleavage and the other properties of the mineral, 
enable us to identify it with hornblende. In the Bunsen flame small splinters asre 
slightly discoloured but do not melt. They melt easily, however, before the blow- 
pipe, fusing to a grey non-magnetic glass. Iron must therefore be present in 
small quantities. Extinction is straight, parallel to the very distinct cleavage- 
fissures. Thicker slices exhibit very distinct pleochroism, which, however, entirely 
disappears in thin sections. The vibrations parallel to the axis of symmetry, and 
therefore perpendicular to the cleavage cracks, are light brownish-red, while those 
parallel to the cleavage are light yellow, and those perpendicular to both are light 
bottle-green. These colours differ but slightly in intensity, while the colour 
changes from red to green or yellow according to the direction in which the 
hornblende crystals have been cut. Occasionally, especially at the margin of the 
crystal, the colour becomes a deep bottle-green or even emerald green ; this is 
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most probably due to infiltration of a foreign substance containing Cr, These 
greenish patches gradually pas*?, without well-defined margins, into the differently 
coloured parts. Cross sections having the characteristic hornblende cleavages inter- 
sectingat 124“, extinguish diagonally, while the pleochroism varies from brownish- 
red to green. On longitudinal sections, the angle of extinction is as much as 19®. 

In the boundaiy zone between the hornblende crystals and the albite, a large 

number of needles of a green mineral occur. These are 
Augite. along the boundary, and decrease in 

number on each side of it, thus pioducing intensely green bands round the horn- 
blende crystals. In the albite aggregate, these needles lie in all directions between 
the albite grains, but are never enclosed by them. In the hornblende, they not 
infrequently lie parallel to the cleavage, but more often they are disposed quite at 
random obliquely to the cleavage fissures. They are always straight, and their 
length, as a rule, is three or four times their breadth in the broader needles, while 
in the narrower ones the length is much greater. Their sides geneially consist of 
sharp straight lines; sometimes, however, both edges are slightly curved, thus pro- 
ducing spindle-shaped sections. If the ends are not pointed, they are, as a rule, 
rough and irregularly indented, but never fringed nor bifurcating. The oblique 
extinction is important, and rises to as much as 36". Not infrequently square 
cross sections may be seen, at times extinguishing parallel to the edges. 
Cleavage is probably present, but it is not well-defined. Transverse fractures 
obliquely inclined to the longitudinal axis are common. The characteristics 
above enumerated enable us to identify this mineral with augite. The colour of 
the larger prisms is an intense bottle-green to emerald-green, and thus produces 
the green zone already mentioned as occuiring round the hornblende crystals. 
The narrower needles are of lighter colour, while the narrowest are almost colour- 
less. As a rule, the pleochroism is faint, the colours varying between closely 
related shades of green. The broadest needles, however, occasionally show a 
pleochroism ranging through bottle-green and dark greyish-blue to colourless. 
All are perfectly clear and transparent, and entirely free from inclusions. This 
mineral is most probably a pyroxene, closely related to diopside or sahlile, which 
derived its green colour from a small percentage of Cr., and is in fact a chrome 
diopside. Unfortunately the scarcity of the material precludes a more searching 
examination of this mineral. 

I have already mentioned that a small number of brown crystals may be seen 
'Rbombic pyroxenes l^etween the albite grains. These show numerous cleavage 
and other accessory cracks, parallel to which straight extinction occurs. They 
tninerais, consist of oblong plates of about ^mm. in length, the 

cleavage running parallel to the longer axis. This is most probably a rhombic 
pyroxene, not very rich in iron, very possibly bronzitc, 

Lastly, under a moderately high power, a very fine-grained aggregate may be 
seen, scattered here and there among the grains of albite, and running in fine 
strings into the hornblende crystals. This is always associated with a large number 
of the green to colourless augite crystals already described, which are particularly 
numerous in this aggregate. In thin sections, under a high power, these aggregates 
are seen to be clustera of minute radial fibrous spheruUtes, which between crossed 
nicols show, more or less distinctly, the characteristic black cross. The substance 
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is colourless and gives very vivid polarisation colours, but cannot be more accu- 
rately determined. 

From the above description, it is evident that the specimen under considera- 
tion is an albite-hornblende rock, in which the albite grains form a dense ground- 
mass, containing porphyritic hornblende crystals. The remaining minerals have no 
particular share in the composition of the rock, and are therefore merely accessory 
constituents. 

4 Hornblende-glaucophane schist , — This specimen has a dark brown surface, in 
Hornblende-glauco- some places rough and in others smooth, but apparently not 

phane schist. much rolled. It is a schistose rock of an intense emerald 

General appearance. grass-green colour, and bears a strong resemblance to 

smaragdite. A closer examination, however, at once reveals the fact that it 
represents an aggregate of grejish hornblende individuals, largely permeated by 
green enclosures, which impart to it its remarkable colour. The greyish portions 
pass in places into a deep green, but in other places again the green colouring 
matter is entirely absent. The hornblende individuals are most irregularly inter- 
Hornblende mixed, and sbow no signs of definite arrangement. They 
attain a length of as much as 3, and breadth of as much 
as 2 cm. They have no definite crystalline outlines, but their cleavage is perfect, 
the angle between the two prismatic cleavages averaging J 24 This angle could 
not, however, be accurately ascertained, owing to the frequent distortion of the 
piisms, which at times even causes a fringing of the ends. The orthopinacoid was 
observed on one of these prisms; it gives rather indistinct cleavage, and sharply 
and straightly truncates the obtuse prism edges. Thin splinters melt in the 
Bunsen flame ; the thicker ones easily fuse before the blowpipe, forming a green- 
ish-grey non-magnctic glass. It is not acted on by HCl., either before or after 
fusion. The s. g. of the whole mass — not that of the pure hornblende — was 
obtained from two pieces of the rock, the values being 3*113 and 3*126, I endea- 
voured to obtain the s. g. of the hornblende after removing the green parts, but 
it was not possible to separate the green colouring matter from the greyish horn- 
blende. 

I could, therefore, only ascertain the chemical composition of the whole mass, 

Chemical composition. I'ornblende. As we have seen, 

however, that the whole rock consists chiefly of hornblende, 
containing only emerald-green crystals, the following figures will represent the 
chemical composition of the hornblende. Mr. R. Busz, who made analysis I, 
obtained the following results 



I. 

a. 

Si Oj 

A130* > 

53*53 

58*76 

Crj Oj 1 

9*10 

W 99 (Al 9 0o). 

Q •••«•• 

4*02 

S‘84 

0 • 0 t . • • 

6*94 

2*10 

Msf 0 

Na- 0 . \ 

15*94 

4*01 

Ka 0. 

7*96 

6*45 (Naj 0 ). 

Loss 

a*9S 

a*S4 (Ha 0). 


100*44 

102*69 
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In the above analysis the very high percentage of alkali is remarkable: it 
consists chiefly of Na., containing only a small percentage of K ; Crg O3 and Al^ O3 
were not separated. It seems, however, that no small quantity of Cr ^ Oj must be 
present, for vividly green splinters give an undoubted Cr. reaction in the blowpipe 
flame. On the other hand, the grey hornblende hardly gives any tinge to the 
borax. The iron has been calculated as Fe 0 , According to the above analysis, 
the mineral proves to be an amphibole, containing a considerable amount of 

soda, thus resembling glaucophane, which, however, is 
Glaucophaoe. distinguished by its dark blue colour from the mineral 
under examination. There are, however, grey varieties of glaucophane. The 
glaucophane most nearly allied to this mineral is that of Zermatt, the analysis 
of which is given under II. In both, the percentage of alkali, magnesia and iron 
very nearly agrees, as also the loss due to ignition. The difference in the percent- 
age of A 1 3 0 g is rather more marked, while the difference in the silica is the 
most pronounced. There are, however, other glaucophanes, which, in this respect, 
closely resemble the mineral from Burma, e,g., that from New Caledonia contains, 
according to Liversidge, only 5279 per cent., while that from Sanjaron in Andalusia 
contains, according to Barrois and Offret only 47-4 per cent, of Si O3. In the last 
mentioned variety, also, a low percentage of alumina corresponding to our 8-43 
has been observed. From the majority of glaucophanes our mineral differs chiefly 
in the percentage of lime, for they do not as a rule contain more than 2 or 3 per 
cent, of CaO. Some, however, are known to contain a larger percentage, «,g., tW 
of Shikoko in Japan, which has a percentage of 4*80, while the glaucophane 
from Andalusia contains 12*90 per cent. 

We are therefore undoubtedly entitled to consider this mineral as a glauco- 
phane, inasmuch as its a.g. exactly coiresponds with that of most glaucophanes, of 
which the s.g, ranges from 3*103 to 3*113, the average being 3*12, corresponding 
to the variety from New Caledonia. The low fusibility is another distinguish- 
ing feature. It is a remarkable fact that together with jadeite, which is a 
pyroxene, there should occui an amphibole, which, owing to its large percentage 
of Na. closely resembles it in composition. The strong pleochroism peculiar 
to the dark blue glaucophane is of course less pronounced in the mineral 
from Burma, In moderately thick slices, however, considerable differences 
of colour may be seen on rotation of the polariser. The vibrations parallel 
to ^ are bluish-green, those parallel to h greenish-brown and those parallel 
to £ yellowish brown, the absorption being h "7 t "7 C. In thinner slices 
the same colours appear, being, however, much paler, the differences being 
therefore less noticeable, while in very thin slices, they almost entirely disappear. 
The large extinction angle of the Burmese variety contiasts strongly with 
that of true glaucophane, in which it amounts to only a few degrees, while in 
the mineral from Tammaw it rises to 28®, a value much higher than that of other 
rock-forming amphiboles. Under the microscope, cross-sections show the 
characteristic prismatic cleavage of amphibole. In longitudinal sections the cleav- 
£^8 tte very close together, thus producing an appearance of fibrous structure ; 
and, as in the case of ie prisms, these fissures are considerably distorted, while the 
ends are more or less fringed. There can be no doubt that these phenomena are 
due to the pressure which all the rocks of Tammaw have undergone. In longitudinal 
sections, also, may be seen an ill-d’^ed transverse cleavage, running obliquely to the 
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ordinary cleavage fissures. This most probably^ as in other amphiboles, represents a 
cleavage parallel to -Poo (loT), which is a very characteristic feature of glaucophane , 
Thus we see that the Tammaw mineral differs from true glaucophane only in its 
abnormal extinction angle. 

As already mentioned, the hornblende contains numerous fine needles or 
. . narrow prisms, which are always elongated in one direction. 

These are composed of a beautiful emerald-green augite, 
and produce the fine green colour of the rock, whenever they occur in any quantity. 
This colour we have already stated to be due to a small percentage of Cr., the 
very green grains giving a distinct Cr. reaction, while the grey crystals show no 
such reaction. These enclosures are very similar to those noticed above as form- 
ing part of the albite-hornblende rock. The latter, however, do not exhibit such a 
vivid emerald green, being rather of a bluish-green colour. As in the former case, 
their lateral boundaries are regular, but their ends aie not infiequently fringed or 
pointed, in which case they assume the spindle-shape already described. The small 
needles are sometimes arranged very irregularly, but, as a rule, they lie parallel to the 
veitical axis of the amphibole prisms. The larger non-prismatic crystals form radiat- 
ing groups, the ends of which are slightly curved and which, owing to their green 
colour, form a striking contrast to the colourless amphibole. Single crystals 
become alternately bright and dark in polarised light. The clusters, however, 
never extinguish entirely, for differently oriented crystals overlap each other. 
Cross sections show the typical form of augite, but prismatic cleavage is not 
well marked, the cleavage fissures being somewhat irregular. Transverse fissures, 
probably representing a transverse cleavage, as in diopside and other pyroxenes, 
are sometimes seen. 

The angle of extinction is fairly high, but it is difficult to obtain measurements 
of it. Since the larger prisms never extinguish completely, while the smaller crystals 
are bounded by curves, straight cleavage-fissures being almost entirely absent. 
In some cases, however, I obtained values up to 50". The pleochroism is very 
marked. Cross sections of moderate thickness, however, exhibit only slight 
differences of colour, the bluish-green remaining almost unchanged during a com- 
plete rotation of the polaiiser. On longitudinal sections, the differences are much 
more marked, the vibrations in the direction of the axis of elasticity being greenish- 
yellow, with at times a shade of uranium glass, while those normal to this axis are 
bluish green as in the cross-sections. Hence during rotation the colour varies 
between the above tints. Even in very thin slices, this is still visible j the very 
thinnest needles, however, having no distinct colour, have no pleochroism. The 
green material occurs in a different manner to that enclosed in the hornblende. The 
hornblende is frequently intersected by green strings, entirely composed of crystals 
of augite, as in the previous case. These are, however, of much smaller dimen- 
sions, and are, in fact, almost microlites. In rare qases circular clusters of such 
augite microlites have been observed filling up the fissures and other small cavities 
in the hornblende, while the larger augites, already described, were unquestionably 
developed at much the same time as the amphibole, in which they are enclosed ; 
and there is no indication whatever that they were produced by subsequent altera- 
tion of the amphibole. It is a remarkable ^ct that all the Cr. has been taken up 
by the augite, while none is found in the amphibole. 
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From the above description of the rocks occurring in the jadeite mines at 

Tammaw, vh„ the jadeite, the olivine-serpentine, the 
Geo ogical age. albite-hornblende rock, and the amphibole-glaucophane- 
schist, we are enabled to form a clear conception of their nature. Noetling believes 
that the jadeite and the serpentine penetrate the surrounding tertiary sandstone, 
while with regard to the relations between the occurrence of the two other rocks and 
the jadeite, nothing is known, Noetling’s view necessitates the assumption of an 
eruption of jadeite and another of olivine rock, following one another j but the 
petrological composition of these rocks is not favourable to such a view, which 
would include them among the tertiary eruptive rocks. Judging by the petrological 
characters, we must consider them as representing a system of crystalline schists. 

Now there is no doubt that in former geological times olivine rocks were pro- 
duced by volcanic eruptions. Nowhere, however, have rocks of this nature been 
found in beds of such modern dale, being according to Noetling not older than 
of miocene age. Wherever tertiary masses of olivine are known to occur, as for 
example the enclosures in bassilt, they are perfectly fresh, and show no signs of 
serpentinisation. I wish particularly to emphasize this fact, since the basalt which 
I shall presently describe, and which occurs in close proximity to the jadeite 
mines, has no geological connection with the jadeite, but is unquestionably an 
eruptive rock passing through tertiary strata. In this basalt the serpentinisation of 
the olivine has just begun, but has not progressed beyond the first stages, while 
such a complete alteration as that exhibited in the above specimens is characteris- 
tic of all ancient olivine rocks — such as palceopikriie — and, as I have already 
observed, of the cr}’stalline schists. 

To consider the jadeite as an eruptive rock would be entirely unjustifiable : for 
neither in the older nor yet in the more recent series of eruptive rocks has any rock 
of the nature of jadeite been found. In Turkistan, however, it has been proved to 
be imbedded with nephrite in the crystalline schists (gneiss and mica schist), and 
belongs to that series. 

The two other rocks also offer material proof in favour of this view, for it is 
highly probable that the glaucophane-schist is one of the crystalline schists. 
Hitherto, glaucophane has been found only in gueissic rocks and mica schists, no 
instance having been recorded of its occurrence in eruptive rocks, much less of its 
entirely composing such rocks. The same holds good for the albite of the albite- 
hornblende rock. This mineral frequently occurs as a component part of the crys- 
talline schists, but hardly of eruptive rocks. The peculiar aggregation of the albite 
grains is in perfect harmony with this view, for such a structure would be by no 
means remarkable in a crystalline schist. I am therefore of opinion that the jadeite 
and the other rocks must be looked upon as part of the series of ciystalline schists, 
overlaid by tertiary beds and probably dennded by erosion. It is most probable 
that they were raised to their present level together with the surrounding tertiary 
rocks, when these latter were subjected to folding. I have repeatedly laid stress on 
the fact that these rocks must have been subjected to great pressure, which can only 
be accounted for by folding. I do not assert for a moment that the above argu- 
ments are absolutely convincing, but they certainly support the view which best 
accords with the petrological evidence, while the stratigraphical conditions observed 
by Noeding in ihe mines at Tammaw fully bear out this view. Further observa- 
tions, however, with regard to the geological conditions of that country^ will cer- 
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tainly decide the question. On the geological map of Burma, west of the Irrawaddi, 
even west of Mogaung, towards Tammaw, sub-metamorphic rocks are indicated j 
while crystalline limestones, piobably of Silurian age, extend to within about two 
miles of the eastern side of the jadeite mines. 

In conclusion, I wish to mention a rock which, although not belonging to the 

series described from the jadeite mines, has been found on 
a hill four miles east of Sanka village. It is an excellent 
felspar-basalt, with blackish-grey fracture, and brown weathered surface. Under 
the microscope, the felspar — plagioclase — forms a crowd of minute lamellse, in 
which only very few individuals are twinned, while a very small number of the 
crystals are somewhat larger, The felspar crystals form the groundmass in which 
all the larger constituents of the rock are porphyritically imbedded. 

The augite is of a very light yellowish-green colour, without noticeable pleo- 
chroism, but with oblique extinction as is usual in basaltic augites. The crystals, 
which are regularly bounded by straight lines, are usually of considerable 
size. There are, however, smallei crystals which in their dimensions very 
nearly approach the lamellar felspais. These small augite crystals form part of 
the groundmass together with the felspars, but they are not nearly so numerous as 
the latter. They are much more sharply and regularly bounded than the larger 
crystals, and probably lepresent a later generation of augite. As a rule, they are 
single, but twins are occasionally seen parallel to the orthopinacoid, and not in- 
frequently polysynthetic. Ciuciform twins appear to occur, but I cannot state with 
absolute certainty that any legular intergrowth takes place. The augite, like the 
felspar, is perfectly fresh, and both are fairly free from foreign enclosures of all 
sorts. Magnetite, however, generally very regular [in shape, is not infrequently 
included in the augite. Olivine usually forms the largest crystals ; it is either per- 
fectly fresh or intersected by a few cracks along which serpentinisation has 
just set in, only small progress, however, having been made in this direc- 
tion. It also contains inclusions of magnetite grains, A few dark blown transpa- 
rent grains of picotite occur, while liquid enclosures containing moveable bubbles 
are frequently seen, arranged in the well-known zones. Magnetite is fairly common, 
and usually forms well-defined crystals of considerable size. These crystals some- 
times occur singly, and sometimes in larger and regularly -arranged groups. They 
are partly imbedded in the groundmass between the felspar and augite microlites, 
and partly occur as enclosures in the larger augites and olivines. As already stated, 
I consider some of the daiker brown and transparent enclosures in the olivine to be 
picotite. A number of long, colourless needles with straight extinction, and sometimes 
grouped in clusters, are crystals of apatite. No other minerals have been observed, 
while glass, in particular, is entirely absent, not a trace of it having been discovered. 

The basalt is therefore holo-crystalline and falls under class II of Zirkel’s classi- 
fication, the members of which group are distinguished by a fine-grained, micros- 
copic groundmass, which is crystalline throughout or only contains a small quantity 
of magma in which larger crystals—in this case augite and olivine— occur. Or if 
we adopt Rosenbusch's classification, we must describe it as a holo-crystalline por* 
phyiitic basalt, in which, notwithstanding the enormous number of plagioclase 
lamellse forming the groundmass, no larger plagioclase crystals appear, as is more 
usually the case. Warm HCl affects the rock but slightly, while cubes of NaCl 
are not formed after evaporation. 
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On the Geology of the T 6 chi Valley^ by F. H. SMrxH, a.r.c.s, Assistant 
Superintendent i Geological Survey of India (with pi, 3). 

Towards the end of February 1895 I received orders to join the delimitation 
party at work in the Tdchi valley. A geologist was specially required to ascertain, 
if possible, whether the reported occurrence of copper and iron in the hills south 
of the Tdchi river, and between it and the Khaisor, was of economic importance. 

Unfortunately, when I received my orders, I was engaged in field-work 
amongst the southern spurs of the Sulaimdn range in Baluchistdn, and by the time 
I caught up the Tdchi column that part of the delimitation work situated in the 
Tdchi hills had been completed, and I never had an opportunity afterwards of 
seeing more than the northern or Tdchi flanks of the hills. 

I may say at once that, as far as I could observe, the hills between the Tdchi 

and Khaisor rivers contained no minerals of any economic 

Copper and iron. importance. I have not met with any trace of copper, or 

mineral containing copper during my march along the Tdchi and one or two 
tributary streams. 

The Waziris are said to work and smelt iron ore to a considerable extent in the 
hills to the south of the Tdchi; and the number of native-made knives seen all 
over Waziristdn shows that there must be a considerable iron industry. The 
majority of the knives are made of very soft iron, and their value, when sold to 
Europeans, seemed to be from 2 or 3 rupees each ; smaller knives of mottled 
native steel are fairly common, the price of which seems to run up to anything 
under 25 or 30 rupees, according to the appearance of the intending purchaser. 

The only place where I found any traces of iron ore was Miriln Shdh. There 
I found several concretions of very pure soft hsematite, in middle or lower eocene 
sandstone beds. These beds have roughly a north and south strike in this 
neighbourhood ; to the north the series forms the Laram hills, while to the south 
the hill-country between the Tdchi and the Khaisor, or Khasora, is mainly com- 
posed of these same rocks. It is very probable that the iron ore supply is derived 
from this pure concretionary haematite, which could easily be found in sufiBcient 
quantities for the manufacture of knives and other small implements, but which 
would probably run out at once if worked to any great extent. Even if pure 
hamatite were found in greater abundance, as is constantly the case in other 
parts of India, the total absence of fuel would render it ‘useless in this valley. 

Although my match up the Tdchi was not very successful from an economic 
point of view, it was none the less interesting geologically, especially as I traversed 
new country. 

Marching from Bannu* up the Tdchi valley, one enters the outer range of tertiary 

hills near Tdchi village, at a height of about 1,000 feet above 
sea-level. From here to Botoi, the farthest point I reached, 
is about 60 miles in a straight line, and rather more along the river bed which 
runs almost due east and west. At Dotoi the height is about 5,000 feet, and the 
higher peaks around run up to io,ooo feet. To the west of the outer hills 
mentioned above, which run roughly north and south, the river bed^traverses two 


Topography. 
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\Vide plains, the Idar Khdl and Idak valleys. Both plains are bounded north and 
south by hills, ■which close in to the west of Idak, above which the river-bed lies 
between irregular hills, foiming a more or less nanow valley. 

I was able also to march up a tributary of the Tdchi, the Kazha nala, which 
rises on the Luara plateau under Charkhiaghar to the north of Dotoi, and runs 
nearly paiallel to the Tdchi till it joins it near Pakki K6t. 

As the newer locks present none of the difiBculties which are met with in the 

older rocks which I saw, I will describe the section in de- 
scending order. Roughly speaking, the younger rocks are 
found in the eastern outer ranges, which rise from the Bannu plain, and older rocks 
appear in the interior to the westward. 

The rocks in this outer range — the Shinkai hills — showed a most striking simi-* 
larity in composition and arrangement to tho.se of the Foil Munro range, south- 
west of Ddra GhdziKhdn. This latter range, rising from the Indus plain, presents a 
perfectly normal section of rocks which dip steeply eastwards under the Indus plain ; 
from upper siwalik conglomerate in the outer ranges, through lower siwalik, upper, 
middle, and lower eocene rocks, with beds of probably cretaceous age at the base. 
Having just traversed the Fort Munro range, the similarity between it and the 
Shinkai range rising from the Bannu plain, some 200 miles to the north, appeared 
all the more striking to me. Evidently the same, or neatly the same, series of 
tertiary locks have been disturbed and folded in the same manner, and for a dis- 
tance of hundreds of miles along the frontier hills west of the Indus plain. Taking 
the normal section of the Shinkai range from west to east, neaily the same series 
of beds is met with. 

7 he outermost range commences two or three miles to the west of Tdchi village, 

where the massive conglomerates and grits of the upper 
Siwaliks. siwaliks dip gently to the east under the Bannu plain. 

The dip becomes steeper further west, and in the highest ridge of these hills the 
rocks dip very steeply, still easWards, till along the bank of the Tdchi river it 
becomes veitical ; this dip is maintained westwards thioughout the lower siwaliks 
and upper nummulitics at least. The thickness of these conglomerates must be 
great, and is probably several thousand feet, but the lower siwalik beds aro 
of even much greater thickness. In the Saidgi valley the rocks change frjtn 
conglomerate (east) into an immense thickness of sandstones and shales (west). 
The conglomerate passes gradually and perfectly conformably into finer sandy 
Strata, which at once become interbedded with beds of shale. The lower siwalik 
beds consist entirely of grey sandstones and red shales ; the latter predominate in 
the upper beds, but give way lower down to soft sandstone beds, which contain 
no shale bands at the base. The dip is vertical throughout the whole section of 
these beds across the Saidgi valley and up to the highest ridge of the hills westward. 
The strata appear not to be crushed to any extent, but are exposed as a per- 
fectly normal section, with an outcrop of fully 2 miles in breadth, which gives the 
lower siwalik beds the immense thickness of 10,000 feet. 1 conld find no trace of 
fossils in either the shales or sandstones. 

Along the ridge of the hills west of Saidgi there runs abed of white hard lime- 
stone, under 200 feet in thickness. The dip is vertical, and 

Upper nummuHtic. Shinkai in the river bed the exact thickness is 170 feet. 
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The limestone is full of fossils, the harder bands being almost made up of num^ 
mulites and alveolinm, while some softer muddy bands are full of gastropods and 
bivalves, with which I found part of a well preserved crab. 

The junction of this uhite limestone with the overlying grey siwalik sandstone 
is clearly seen in the river bed. In position they are perfectly conformable ; the 
white limestone is very nodular, so that the upper surface is not quite smooth. 
The sandstone fills up the irregularities, and the bedding of both is perfectly 
parallel ; the sandstone contains many limestone pebbles for about 2 feet from the 
junction, but the parallelism appears perfect. The junction of this upper nummu- 
iitic limestone with the lower beds is not so well seen, but the white limestone 
appears to rest conformably on the soft shale beds below. To the north of 
Sheranni, upper nummulitic rocks occupy a considerable area, forming a flat 
basin north of the Tdchi. The rocks consist of white limestones and interbedded 
light green shales ; the limestone is identical with that at Shinkai. The thickness 
of the whole eimeeds that of the rocks at Shinkai, but the base beds rest on 
rocks so much disturbed by igneous intrusions that I could make no very definite 
observations on the lower beds. 

Below the white limestone comes a thickness of 400 to 500 feet of olive green 


Lower nummulitic, 


sl-ales, very like the ' ghazij * shales of the Quetta area, 
which are of middle nummulitic age ; at the base of these 


I observed some red shale bands, below which come 200 to 300 feet of shales, 


interbedded with shaly limestone and limestone breccia. The breccia contains 
many fossil organisms, but I have not found any nummuliles amongst them ; a fossil 


fruit was found in tlie associated shales, but nothing could be seen in the shaly 


limestone. 


These shaly beds down to this point may probably represent the middle num- 
mulitics, but they pass so imperceptibly into lower rocks that no distinct division 
can be made. Below the limestone breccia band the shales become interbedded 


with sandstones and calcareous sandstones, and dip again steeply to the east. 
This series of rocks continues from Shinkai to the Idar Kh 61 plain on the west, 
the dip lessening towards the east on nearing the plain. 

The main mass of the rocks consists of soft shales, greenish brown to red b 
colour, with frequent partings of softish sandstone, buff to brown inside, but always 
weathering a shmy black on the surface. Some beds appear to have been altered 
into red coloured porcellanic, shaly limestone bands. Near Idar Kh 41 the sandstone 
bands, nearly white in colour, increase in size and contain pure limestone bands, 
layers of sandstone and limestone alternating several times in the course of 2 or 3 feet. 

In some places this series is considerably contorted, but on the whole there is 
a steady easterly dip throughout. There must be several thousand feet of these 
rocks visible in the section along the river bed. 1 may mention here that the 
black weathering of the sandstones and calcareous sandstones is very typical of 
middle and lower eocene rocks in eastern Baluchjsl^n, In the calcareous sand- 
stones there are traces of organisms, apparently foKaminifera, but I found no 
fossils in any of the other sandstone or shale bands. 

The Idar Kh 41 plain is cut out of a fiat anticlinal of these lower eocene rocks ; 
in the hills east of Idak they dip again gently westwards, but here the predomi- 
nance of sandstone bands is changed to one of calcareous and limestone bands^ 
which are remarkable for the quantity o£ corals in them. These beds, hard grey 
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Dotdi beds. 


limestones and shales with some sandstone bands, form the hills south of the Tdchi 
as far west as Mahomed Kh 4 l, and to the north of the Tdchi from Mahomed IChdl 
across to the Laram hills, and from thence down to the hills surrounding the Idak 
plain. 

The range of hills between Idak and Miran Sh^h is formed by an anticlinal 
Mesozoic. which approximately strikes north and south, and 

which is composed of these lower eocene beds. In the core 
of the anticlinal a considerable thickness of massive dark grey limestone is 
exposed, in which I could find no fossil remains; the age of this limestone is there- 
for6 doubtful, and there is no evi dence of any kind to show whether it belongs to the 
lowest tertiary or upper mesozoic age. 

The middle and lower eocene beds between Shinkai and Mahomed Khdl are 

conspicuous by the general absence of undoubted nummu- 
lites : corals and the broken shells of bivalves are abundant, 
but foraminifera only occur rarely and then the traces are badly preserved. Round 
Dotoi, however, beds of apparently lower eocene age appear, yellow limestones with 
inteibedded blue slaty shales, of which the limestone bands are full of fine num- 
mulites of all sizes. These beds have no resemblance to the very white limestones 
and light green shales of the upper nummulitics, and very little more resemblance 
to the non-ntimmulitic rocks round Idak ; in fact they show no resemblance to any 
of the rocks seen in the Shinkai hill section. This may be explained by the 
amount of igneous alteration which has taken place in the neighbourhood, and 
which has efiaced all evidence of connection between the Dotoi rocks, the upper 
nummulitics north of Sberanni, and the lower nummulitics east of Mahomed Khdl. 

One is much struck on marching up the Tdchi river bed by the great quantity 

of pebbles and boulders of igneous rocks met with en routes 
The majority of the pebbles, even at Tdchi village, are of 
diorites, gabbros, and basic rocks. No indication of their being anywhere in sittc 
is met with till one arrives within about 3 miles of Mahomed Kh^l. Here the 
lower eocene limestones and shales are seen to rest abruptly, but conformably on a 
aeries of beds, and are doubtless part of the latter, which are altered by igneous 
action, but with evidence of having been interbedded with igneous rocks, which in 
many cases form massive intrusions in the former. This facies of beds covers 
the country between Mahomed Kh 41 and Dotoi, though it is overlaid by upper num- 
mulitic beds north of Sheranni. 

The igneous intrusions are invariably of the more basic rocks. I never found 
a trace of any acid rock, but diorites are very com-mon, and they, as well as more 
basic forms, appear to pass gradually into the rocks which they penetrate partially. 
As generally happens, the beds are altered to such an extent near the junction, that 
no definite line can be drawn between the true shales on one hand and the true 
crystalline rock on the other. Throughout the whole area of igneous disturbance 
1 never found anything but shaly beds associated with the igneous rocks. 

In some cases the shales have undergone very slight alteration only, but un- 

A e of i aeoas series fortunately I have not found any traces of fossils in beds 

% 0 igaeoas sen . connected with the igneous rocks, so the only clue to the 

age of these beds rests ou their relative position to other beds. On the west the 
igneous series is overldd by the lower nummulitic Dotoi beds, with the bedding more 

C 2 


Igneous intrusion. 
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or less parallel. On the east the Idak series of lower eocene rocks rests conformably 
on altered shale beds with igneous intrusions. Upper, and perhaps middle, nuna- 
nsTiIitic beds directly overlay the igneous rocks between these two junctions ; the 
disturbance in the basal beds makes it impossible to see from a distance what connec- 
tion there is between the upper nummuRtics and the igneous series. It is singular 
that nothing but shaly beds should be found within the area of igneous disturbance. 
The natural conclusion to be drawn seems to be the supposition that igneous 
action, in the form of intrusions and deposition of ash beds, began some time 
before the beginning of the tertiary period ; and lasted, with occasional vaiiations 
causing inter bedding, up to the end of middle eocene times. 

The intrusive masses \ary a good deal in composition. I found various forms 
Series diorite, but the greatest variety seemed to be in the 

gabbros, which pass gradually into hypersthene (and 
diallage) rocks. Some pebbles, of what appeared to be amygdaloidal basalt, 
occurred in the river bed, but I never found this rock in siiu. "From the diversity 
of these rocks, ranging from intermediate to basic, and probably ultrabasic forms, 
couf^ed with their interbedding with shales and possibly other rocks of eocene age, 
it seems very probable that this series may correspond to the widespread formation 
of shales and igneous rocks which form large areas in Baluchistan ; theKdjak shales 
are typical for this lithological formation, which also ranges from the later cretaceous 
to middle eocene times. 

In the absence of an accurate map, the accompanying sections (pi. 3), which 

are drawn approximately from east to west across the 
general strike of the beds, may give some idea of the 
arrangement of the rocks. The three sections, which are drawn to natural scale of 
I inch = I mile, follow the Tdchi river, mostly through the hills directly to the north 
of it. They do not conform quite to a straight line from east to west, but yet so 
closely, that they may be taken to represent a continuous * section from the Dotoi 
country to the Bannu plain. 

Section /. — ^To the west the Dotoi beds, considerably disturbed and contorted, 
form the greater part of the country, and rest near Dotoi village on the igneous 
series. The junction beds show a good deal of disturbance, as is natural in the 
immediate neighbourhood of igneous intrusions, and it is doubtful what connection 
there is between the beds. To the east there appears a flat basin of upper num- 
mulitic beds, quite unaltered, composed of white nummulitic limestone, interbedded 
with light green shale beds. The base beds of this series is seen here and there 
to be drawn into the sphere of igneous action, showing that the disturbance lasted 
up to middle eocene times at least 

Section The Idak series of lower nummulitic beds rests on the igneous 
facies, just north of Mahomed Khil. Igneous disturbance seems to have ceased 
half way through lower eocene times, leaving the upper half to the east unaltered. 
The only break in these beds to the east, as far as Idak, occurs in the anticlinal 
ridge of older limestone between that place and Mirin SMh. 

Section ///,— The Idak beds form a flat broad anticlinal, which is mostly 
hidden under the Sbamalara plain, between Idak and Shinkai, where they are seen 
to dip coiifonnabJy under the upper nummulitic band of limestone, and this ia 
fallowed normally by the lower and upper siwalik beds, which disappear finally 
under the Bannu plain. 
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On the existence of Lower Gondwanas in Argentina^ by Dr F. 

KurTzI; translated John GiLLfisPiS. 

I. Introductjon. 

As long ago as 1875, Dr. Luis Biackebusch had desciibed a fossiliferous forma* 
tion which occurs at Bajo do Velis, and on which he has wiitten several papers. 
He says^ : “ Having received tiom Mr. D. G. Av6 Lallemant some interesting 
i 3 ata on the existence of fossiliferous shales in the Caulana valley, I proceeded to 
that locality, and was not a little sui prised to find some fossiliferous beds at Bajo 
<ie Veils (about a league from the entrance to tHe Cautana valley). This exceed- 
ingly interesting find detained me a couple of days, and I ascertained that these 
beds, which consist of conglomerates and argillaceous shales, had only a small 
vertical and horizontal extent and were unconnected with the high cliffs of the 
Cautana valley ; they form old lake deposits in which a large quantity of plant 
remains have been inclosed . , . there are no animal remains found in this 
place.” The fossils which Dr. Brackebusch sent to Dr. A. Stelzner ate too badly 
preserved for determination, and consist solely of casts of wood. 

Later on, a resident of the place, Sr. Lucio Ftines, quarried slate for a church 
at Bajo de Velis, and Sr. Bonapaite, who superintended the work was the first who 
discovered well-preserved fossil plants, amongst them Neuroptertdiitm validunit 
Feistm., and Sphenozamiies muUmervts non-spec, Seftor Bonapaite presented the 
collection to Sr. D. Gualterio G. Davis, Director of the Meteorological ofiice of 
Argentina, who handed them over to me for desenption. In 1883 Senor D. 
Francisco P. Moreno, Director of the Museo de ia Plata, added to this collection 
from Bajo de Velis, which has enabted me to establish the age of the fossiliferous 
shales of that locality. 

In describing these plants, I have followed the system adopted by W. Ph. 
Schimper and A. Schenk (in the 2nd part of tlie Handbuch der Palseontologie by 
K. A. von Zittel). 

11. Descriptive part. 

Dr. Kurtz describes 8 species, amongst which there are 3 new species or 
rather varieties of well-known Gondwaca fossils, 

III. Summary. 

The fossil flora of the argillaceous shales of Bajo de Velis, as far as known at 
present, consists of the following species 
Neuropuridium valtuum, Feistm. 

Gangamopteris cyclopferoides^ Feistm, 

ElquisdiUs Morenianus, Kurtz, 

Ephemtamt/4S wuliinervtSt Kurtz. 

Noeggeraihiopsis, Hislopi (Bunb.) Feistm, 

N, Feistm, var. Feistm, 

N. Hidopi, Feist, var. euryphylloides, Kuitz. 

^ Published iu the Revi&ta del Museo de la Plata, Vol. VI, p. 117 fF, 

* Boletin de la Academia Nacioual de Cmncias (Cdrdoba), Vol. 11 . 1875, P- *88; quoted 
by Dr. A. Stelsncr in BeitrSge zur Goologie und Palseuntologie der Argeiilini^chen Repu6* 
ilk, part I, 1885, 7p. 75-76 
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All these species are new to Argentina, and partly also to science in general. 
The small number of specimens collected does not enable ns to form an idea as 
to the lelative frequency of the vaiious species, but nevertheless it is apparent that 


the commonest form met with is Noeggeraihtopsis, A similar flora is found at the 
Cape of Good Hope (Ehka-Kimberley beds), in Peninsular India (Kaharbari 
beds), in Australia (Newcastle beds, Bacchus-marsh sandstone), and in Tasmania 


Kaharbari beds (India), 

Bajo de Veils 

(Province De San Lnis, Argentina). 

Blclca*Kimberley beds 
iCape). 

Neuropteridium validum.Feistm 

Neuropteridium validum, 

Feibtm. 


Glossopteris communis, Feistm 
6. indica, Fatm. . . 



G. damudica, Fatm. , . 

G. decipicns, Fstm. . 


Glossopteris Browniana, 

Brongn, 

Gangamopteris cyclopteroides, 
Fstm. 

G. cylopt. var. attenuata, Fstm. 

G. cyciopt. var. areolata, Fstm. 
G. cyclopt. var. aubauriculata, 
Fstm. 

G. but ladica, Fstm. 

G. major, Fstm. 

G. angustifoha, McCoy. 

Gangamopteris oyclopteroides, 
Fstm. 

Gangamopteris cyclopier* 
oides var. attenuata, F»tm. 

Sagenopteris (?) Stolicskana, 
Fstm. 

Schizoqeuia gondwaneusis, 

Fstm. 

Scb. cf. Meriani Schimp . 



Vertebraria indica, Royl. 

Equisetites Morenianus, Kurtz. 


Glossozamitea Stoliczkanus, 
Fstm. 

Noeggeratbiopsis Hiaiopi, Fstm, 

N. Hislopi var. subrbproboida* 
lis, Fstm. 

■ ■■' HIM,!.,.., „.p. , , „ 

Sphenosaroites multinervis, 
Kurtz. 

Noeggeratbiopsis Hisiopi, 

Fstm. 

N. Hislopi var. subrhomboi- 
dalis, Fstm. 

N. Hislopi var, euryphylloides, 
Kurtz. 

Noeggeratbiopsis Hislopi, 
Fstm. 
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(Mersey coalfield). Of all these floras, that of the Kahaibari beds of the lower 
Gondwanas in India is closest related to the specimens found at Bajo de Velis, as 
may be gathered from the accompanying table, ^hich contains a comparison 
of the vaiious floras mentioned above. 


Newcastle beds (New South 
Wales). 

Bacchus-Marsfa Sandstooe 
(Victoria). 

Mersey Coalfield (Tasmania), 

Sphenopterls tobifolia, Morr, 

S. alata Brongn. et vsr exiUs, 
Morr. 

S. germaaa, McCoy. 

S, hastata, McCoy. 

S. plumosa, McCoy* 

S. nexuosa, McCoy. 
Glossoptene communis, Fstm. . 

G. Browniana, Brongn. . 

G. parallela, Fstm. 

G. liuearis, McCoy. 

G. ganeamopteroides, Fstm. 

G. am^a, Dana. . . 

G. reticulum, Dana. 

G. elongata, Dana, 

G. cordata, Dana. 

G. spathulatO'Cordata, Fstm . 

4 

Olossopteris communis, 

Fstm. 

G. Browniana, Bronga. 

G. ampla, Dana. 

G spathuIatO'Cordata, Fstm. 



Gangamopteris cyclopieroa - 
des, Fstm. 

G. cyclopt. var. attenuata, 
Fstm. 



G. cyclopt. var. subauricu*' 
Idta, Fstm. 

Gangamopteria Clarkeana, 

Fstm. 

Caulopteris (f) Adamsii^ Fstm. 

Gangamopteris angustifolia , 
McCoy. 

1 G. obliqua, McCoy. . • 

G. spathulata, McCoy. . 

Gangamopteris angustifolia, 
McCoy. 

G. obliqua, McCoy. 

G. spathulata, McCoy. 

Tasmanites punctatus, Newt. 

Pbyliotheca australis, McCoy. 

Vertebraria australis, McCoy. 


pbyliotheca australis, Me* 
Coy. 

Podozamites elongatus (Morr.), 
Fstm. 


Noeggeratbiopsis Hiblopi, 
Fstm. 

Noeggeratbiopsis med!a(Dana), 
Fatm. 
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Kaharbaii beds (hulia) 

Baio de Velj<» 

(Pronnee De bau Luib, Argentina) 

Ekka-Kimbcrlev beds* 
(Capei. 

Carpolilhes MillPti, Fstm 
Eurjphyllum Whitti mum, Fstm 
Voltzia heterophylla, Biongn 



Samaropsis sp 

i 



The following may be deduced from this table with regard to the fossil plants 
of Bajo de Velis .* — 

NeuropUridium mUdum, Fstm., is found in the Kaharbari beds of Bengal 
where it repiesents one of the most fiequent and most characteristic t3pes. 
It is noteworthy that this beautiful fern is confined to one horizon only 
(sandstone beds) of Bajo de Velis, 

Gangamopiern cycloplerotdes, Fstm.j (5 varieties) and 4 other species are the 
commonest and predominating forms which occur in the Talchir-Kaharbaii beds ; 
in the next succeeding horizon, the Dam u da division, only some small foims of 
this genus survive, but they disappear completely highei up. In Africa Gangamop- 
ieris cyclopkroides has been found only in the lower beds of the “ Kaioo ” form- 
ation (the “ Ekka-Kimberley ” beds) and this is the only species of Gangamopiern 
known in Africa, In Tasmania G. eyelopteroides has been found with its varieties, 
G, aitenuaia and G. subautieulala, all in the Mersey coalfield, E^xmeliUt 
morentanus, Kuitl!^ may be compared with the various remains of the families o^ 
the Equhiaceoif and of theSchizoneurce found in the Talcbir Kaharbari beds, and 
very probably belongs to the genus Schizoimna, which would clear up an 
important point connected with the Bamuda-Panchet system ; in Australia the 
genus Phylloiheca is represented in the group of the Schizoneui se. Sphenofuimitts 
ntnUtnervis, Kurtz, stands isolated and cannot be compared with forms 
elsewhere. 

NoeggeraihiopsUt Hislopi, Fsim., occurs in the Takhir- Kaharbari beds and in 
the middle Gondwanas (frequently at Damnda and South Aurunga); in Iho 
upper Gondwana (Rajmahal series) no species of Noeggerathiopsxs exist (although 
they occur at Tonkin). In Africa N. Hislopi, Fstm., is only seen in the)Kimberley 
beds, and in Tasmania the species has been found in the Mersey coalficUU 


Bajo de Velia. 

Bkka- Kimberley beds. 

* 

Kaharbari bed. 

NeuTopteridium valldum, Fstm. 

Gangamopteris cyolopteroides, 
Fatm. 

Eqwsetites Morenlanus, Kurtz. 
Spbeuoaanutes tuultinervis, 

Gangamopterls cyclopteroi- 
dee, Fstm. var. 

Neuropterldium Talidnm, Fstm. 

Gangamopleris cyclopteroidea* 
Fstm. 

1 




PART 3 ,] Kurtz : Fxistence of Lower Condwanas in Argentina^ 115 


Ne>^ castle beds fNew South 
Walcfl). 

Bacchun-MarBh Sandstone 
(Victoria), 

Mersey Coalfield (Tasmania) • 

Brachyphyllum austral e, Fstm, 
(PI;cf Schimper-Schenk, 
Paiasophytologie, pp. 331, 
306 ). 




where it is associated with another species of the same genus, N, media (Dana), 
Fstm. This last and two more species have been likewise found in New South 
Wales.i 


The better to compare the relations which exist between the fossil flora of "Bajo 
de Velis and the plants of the other areas, which we have had under consideration, 
I have compiled a table of the data available. 

From the data given in the following table it may be concluded that the fossil 
flora of Bajo de Velis belongs to the same geological horizon which holds the other 
5 plants mentioned, and that its prototype is the flora of the Talchir-Kaharbari 
beds of the lower Gondwanas. The palaeophytologist 0. Feistmantel has already 
discussed at some length the relation w^hich the lower gondwanas, and the strata in 
Africa and Australia, occupy to the recognized horizons, especially those of Europe, 
and has arrived at the conclusion that the formations in question belong to the 
Permian system, that is to say, that they represent the close of the palaeozoic group, 
a conclusion which several Australian geologists have endorsed, and which in my 
opinion may be generally adopted with reference to the age of the beds in 
Argentina® : — 

^ The genua GlossopteriSf so abundantlf represented in the various strata of the Gondwana 
system in South Africa, India and Australia, where it appears for the first time in the upper 
carboniferous strata (Queensland) and rises to the upper Trias or the lower Jurassic (* Jubbul- 
pore group ”) is completely wanting in America (as also in Europe); Qlos^opttiis is chiefly 
distinguished from the genus Gangamopteris by the existence on its fronds of a median vein, 
which character is completely absent in Gangamoptei is. 

^ It must be mentioned here that this view had practically been adopted by the members 
of the Geological Survey of India s'bme time before Dr. Feistmantel would admit it himself. 
(Director Geological Survey of India.) 


Newcastle beds. 

Bacchus-Marsh Sandstone. 

Gangamopteris (1 spec.). 

Gangamopteris (3 spec ). 


Mersey coalfield. 


Fstm., cum var. et. 3 spec, 
alt. 
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Bajo de Velis. 

Ekka-Kiniberley beds- 

Kaharban beds. 

Noepgerathiopsis Hislopi, 

hstm. 

Noeggerathiopsis Hislopi, 

Fstra. 

Noeggerathiopsis Hislopi, 

F&tm. 

N. Hislopi var. subrhomboida- 
lis, Fstm. 


N. Hislopi var. subrhomboi* 
dalis, Fstm. 

N Hislopi var, ooryphylloides, 
Kurtz. 

i 

• 


Up to date we know of thiee rock-formations in Argentina which have 
yielded fossil plants. The first is that of Retamito in San Juan, which corre- 
sponds to the lower carboniferous (Culm) as Dr. L. Szajnocha ^ has already shown ; 
then follows the flora of Bajo de Velis which has no species in common with 
the preceding formation nor with the following seiies. The latter occurs in the 
neighbourhood of Cacheuta, Challas and Uspallata in Mendoza, at Mai eyes in San 
Juan, and in the Kscalera de Famatina in La Rioja. The fossils found at the latter 
places belong to completely different flora, which Professor H. B. Geinitz has 
already determined as belonging to the rhoetic,® a conclusion confirmed by 
Dr. A. Stelzner * and also by Dr. L. Szajnocha^. 

To the same epoch belong the fossil plants, which are found in the Stormberg 
beds (Upper Karoo) of South Africa; in the Tivoli-Ipswich beds of Queensland ; 
in the Wianamatta-Hawkesbury beds of New South Wales ; and in the Jerusalem 
beds of Tasmania : that is to say, that these fossil plants occur in hotizons between 
the upper triassic and lower Jurassic systems. In India the lower beds of the 
Rdjmahil series (Upper Gondwanas) coirespond more or less to the rhietic system. 

In the following table I have arranged the plant-bearing beds of Argentina 


according to their geological horizons : — 


Series of beds at Cacheuta, Challas, Uspallata, 
Marayes, EsCalera de Famatina. 

1 Rbsetic, 

P 

Trias. 

Bajo de Velis series. 

Permian, 

P 

Upper carboniferous. 

Retamito series. 

Lower carboniferous (Culm). 


* Rev^ta, Vol. VI, p. 119; see also St*. Ber. Ktds. Aliact. d. Wisseusch. Wien, Vol» Ci pt. 
4, p.003 (Dir., 6. S, I,), 

^ Ueber rbsetisofae Fflaneeo und Thierreste in den Argentinisehen Provinzen La Rioja 
San J««i und Mendoza ; 1876 (Palssontographica Suppl. III.). 

• Belicfige zur Geologia and Palaeontologie dot Argentiniseben RepubUe, I ; 1885, pp* 

68 ^. 

^ Ueber fossile Fflanzenreste aua Caebenta in der Argentinisehen Republic, Sits. Bor* 
Kaxs, Akad, Wisia Wien., Vol, XCVII, pt. i, 1888, pp, 
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Newcastle beds. 

Bacchus-Marsh Sandstone. 

Mersey coalfield. 

Noeggeralhiopsis (1 spec.}. 


Noeggerathiopsis Hislopi, 

Pstm. 


Note hy the Director, G. S. I , — The evidence afforded in the above paper has 
such a strong bearing on the age and relations of the mostimpoitant of all our rock* 
formations of India, namely the coal-bearing Gondwanas, that it appeared 
advisable to have it translated from the Spanish original, which has been ably done 
by Mr. John Gillespie, to whom our acknowledgments are due. 

One of the chief points of interest in connection with the discovery of Gondwana 
plants in Argentina lies in the fact that there we have an unquestionable lower 
carboniferous series (Retamito) in the neighbourhood of which (and probably uncon- 
formably to it) a series of beds is found, which contains well known lower Gondwana 
species of plants, thereby limiting the geological range of the lowest beds of it, at 
all events to upper carboniferous at most, which is a further confirmation, long 
ago and independently arrived at by the authors of the “ Manual” (ist.editioa) 
and generally adopted by the Geological Survey of India. 


-a 


Notes from the Geological Survey of India, 

1. Central India, Mevoah, — Mr. Oldham with Mr. Datta have continued their 
surveys in Rewah, and some of the results of their work have already been 
noticed in my annual report and in the “ Notes,” Records, part 2 ; with regard to 
the Vindhyans and underlying rocks no specially new facts have come to light ; 
but, on the other hand, Mr. Oldham has latterly been engaged in the survey of 
a patch of Gondwanas, which contained several rather fair coal-seams, though few 
over three feet in thickness. The total extent of the surveyed aiea of the coal- 
measures is about 300 square miles, and it is situated east of the Mohan river, 
shown in sheet 476 of the Rewah survey. 

Near their western limit they are covered by red ferruginous sandstones and 
shales, whose extent has not been determined. The Barakar age (already deter- 
mined correctly by Mr. Smith) is clearly shown by the fossil contents, amongst 
which are Vertebraria, Glossopieris, Schtzoneura, etc. Two coal-seams of 6 feet 
and 5 feet 6 inches thickness were found by Mr. Oldham; the former is 1^ miles 
south-west by west of Ujeini, the latter, 2 miles north of Amlia, both places near 
the eastern edge of the standard sheet 476. 
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II. Madras. — Mr. Middlemiss continued his researches in the Salem district 
and reports in February. 

(i) Magnesite and ultra-basic rack of Valaiyapaddi —The magnesite Is present 
in very small quantities. The rocks associated with it entirely resemble those at 
the north-west end of Kinjamallai, so far as their appearance in the field goes. 
Forming a long low ridge, running east and west from Valaiyapaddi, there are 
interesting examples of the above type in close association with a very acid rock^ 
namely, a coarse graphic granite composed almost entirely of pink oithoclase 
and quartz. Both rocks are intrusive among the basal gneisses of that area in 
parallel lines. Some gool instances of this aie to be found west of Valaiyapaddi, 
The graphic granite was probably intruded last. 

(2) Charnockite, souih of Salem. — Between Muttu Kalipatti and Salem on the 
Naraakal-Salem load a great exposure of charnockite occurs. From its position» 
strike, and general appearance it is a continuation of the Shevaroy Hills massif. 

(3) Chalk Hills. — The final few days spent at the Chalk Hills enabled me to 
secure some “ camera ” sketches and photographs. As a whole, the aspect of 
each magnes’te area is that of a series of concentric ellipses (roughly speaking) 
of rocks of varying composition and basicity. At the centre of each area occurs 
the chromite in veins among the dunite and serpentine ; surrounding this is a 
paler dunite zone (almost pure olivine, or partly or wholly converted into magne- 
site). Surrounding this again is a small ring of rocks containing olivine and 
pyroxene with sometimes biotite. Surrounding this at certain points come rocks 
like the last, but with felspar and quartz in small quantities. Finally, surrounding 
the whole area come great ridges of hornblende-garnet rocks set among and with 
the ordinary gneisses of the country. 

(4) Corundum localities, Coimbatore District. — The corundum localities visited 
in Coimbatore embraced Selengapalaiyam near Kavanthapatti where the mineral 
is only sparingly found and picked up from the surface after heavy rain. It i s 
similarly found at Gopichettipalaiyam in one small field. The locality of Siva 
Mallav is the best that I have yet seen. The mineral is regularly worked for and 
occurs as large hexagonal prisms scattered about in an extremely coarse bioiite 
granite with pink felspar. The latter follows along the north-west side of a range 
of low gneiss hills, a continuation of the Siva Mallai. The corundum is chiefly 
found on the margins of the granite veins. 

III . Baluchistdn. — During February Mr, Smith examined the high range 
between the Lfini plain and the Zhdb territory. This range is apparently formed of 
massive jurassic limestone, containing ammonites ; its thickness is very great, and 
in the Wat pass, which leads through the centre of the lange, it is quite 2,000 feet, 
all within sight, and the base is not exposed. 

This grey, massive limestone is overlaid by the neocomian belemnite beds, 
consisting of yellowish to pink, light green and white sfaaly limestones and shales,— 
conformably apparently. The entire area near Mekhtar is formed of these beds, 
which yielded belemnites in abundance besides some ammonites. 

This neocomian horizon is overlaid by a great series, which Mr. Smith was 
enable to divide further, but which seems to have varied a good deal lithologically; 
the middle of the series apparently contained- nummqlitic limestone beds, and the 
uppermost beds were capped by the white nummulitic limeatone of the Spinlangi 
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beds. Some of the beds of this great series appeal to be derived from volcanic 
mateiial, and even basaltic rock was met with 

Theie can be little doubt but that this sequence of beds represents the great 
belt of strata, which extends from south of Hindu Bigh, north of the Loialai hills 
along the southern side of the Zhdb valley, and which show such a well pronounced 
flysch character. The lowermost beds are upper cretaceous, whilst the whole 
lower and middle nummulitic division of the tertiary system is represented. 


Calcutta ; 
7 he I si August 




C. L. GRIESBACH, Director^ 

Geological Suriey 0 / Indtet, 
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DONATIONS TO THE MUSEUM. 

From ist May to sist July 1895. 

Gold washed from sand, and sand containing gold, from 6 miles north-east of Hopini 
Muh Valley Railway, Upper Burma; and a specimen of fossil wood from west of 
Hopin, Muh Valley Railway, Upper Burma. 

Presented BY A. F. |ohnston, Supervisor, P. W. Dept., Railway branch, 

Muh Valley Railway, Upper Burma. 

Three specimens of cassiterite from Cornwall, England, 

Presented by J, R. Hoseen, Pbnbro Bre&ge, Cornwall. 

A specimen of concretionary clay, from Katni, Jabalpur District; and decomposed 
felspathic breccia cemented with calcite, from Moosrakand, Raniganj. 

Presented by Jas. Clbghorn, Calcutta. 

Pyritous dolomitic limestone, from the Khesra Valley, Waziristan. 

Presented by Pandit Ram Rakhan Missbr, Transport Agent, 2 nd 

Brigade, Waziristan Field Force. 


ADDITIONS TO THE LIBRARY, 

From ist April to 30TH June 1893. 

Titles of Boohs, Donors, 

Beck, Dr. Ludwig .— Geschichte des Eisens. Abth. II, lief. 7. 8“ Braunschweig, 
1895, 

Blake, F.— Annals of British Geology, 1893. 8® London, 1895. 

Bonney, T. <?.— The Story of our Planet, 8“ London, 1893. 

Bose, P. A^,— The Economic Results of the Mergui Coal Exploration. Fisc. Pam. 

Brief conspectus of mineral oil occurrence and development in India, 1891, Fisc , Pam., 
Calcutta, 1891. 

Bronn, Dr. H. C.— Klassen und Ordnungen des Their — Rcichs. Band III, lief. 18-20, 
and V, Abth 11 , lief. 41-43. 8° Leipzig, 1895. 

Chapin, Frederick AT.— Land of the Clifl Dwellers. 8® Boston, 1892. 

The Author. 

„ Mountaineering in Colorado. 8° Boston, 1890. 

The Author. 

Chbwinos, Charles . — BeitrSge zur Kenntnisa der Geologie Slid und Central-Australi- 
ens. Inaugural Dissertation. 8® P. Heidelberg, 1894. 

Dubois, Die Klimateder Geologischen Vergangenheit. 8® Leipzig, 1893, 

' „ Pithecanthropus Erectus, Line Menschenaehnliche Uebergangsfoml 

aus java. 4® Batavia, 1894. The Author, 

Frech, Dr. Ffite.'^Die Karnischen Alpen. 8® Halle, 1894* 

Fcttbrer, Dr. KarL—Airika. in seiner Bedentung fur die gold produktion in Vergan- 
genheit, Gegenwart und Zukunft. 8® Berlin, 1895. 

Haas, Hippolyt 3 '.— Quellenkunde. 8° Leipzig, 1895. 

Holland, T, Af.— An Introduction to the Chemical and Physical Study of Indian 
Minerals. 8® Calcutta, 1895, 
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Titles of Books. Donors. 

Jack, Robert L . — Artesian Witer in the Western Interior of Queensland. 8° Pam., 
Brisbane, 1895. The Author. 

J A BREL, Dr. Otto . — Dieeocahen Selachier Vom Monte Bolca. 4" Berlin, 1894. 

Klein, Dr. Hermann y.— Jahrbuch der Astronomik und Geophjsik. jahrgang V. 
1894. 8*^ Leipzig, 1895, 

LaTouche, Tom D . — Boring exploration in the Daltonganj Coal-Field, Palamow, 
Fisc. Pam., Simla, 1890. 

Livbrsidoe, a.— -N otes on some Australasian and other stone implements. 8° Pam., 
Sydney, 1894. 

Martel, E. Les Abimes. 4° Paris, 1894. 

Murray, James A. H , — A New English D ictionary on Historical Principles. Vol. Ill, 
(Deceit-Deject.) 4° Oxford, 1895. 

Narrative Report of the Gohna Lake and Flood on the 26th August 1894. Fisc. Pam,, 
Lucknow, 1894. 

Government op the North-Western Provinces and Oudh. 
N BUM AYR, Dr. A/eZc/itop.— Erdgeschichte. and edition, revised by Dr. Uhllg. Band 
I. S° Leipzig and Wien, 1895. 

Niedzwibdzri, J . — Beitrag zur Kenntniss der Salzformation ’von Wiellczka und 
Bochnia. 8° Lemberg, 1883-1891. 

Nobtlino, Dr. Frits . — Report on the Auriferous tract In Wuntho, Katha District, 
Fisc. Pam., Calcutta, 1893. 

„ Report on the Lead Mines in the Pinlebu Sub-division, Katha District. 
Fisc. Pam., Calcutta, 1891. 

„ Report on the occurrence of Coal in the Pinlebu Sub-division, Katha 
District. Fisc. Pam., Calcutta, 1891. 

Oldham, R. Z).— Memorandum on the mode of occurrence of Petroleum. 8" Pam., 
Calcutta, 1891. 

„ Memorandum on the possibility of finding' Petroleum near Sukkur on 

the Indus. Fisc. Pam., Calcutta, 1891. 

„ On the mode of occurrence and probable distribution of Artesian water 

in the valley plains of the Quetta and Pishin Districts, Fisc. Pam,, 
Calcutta, 1891. 

„ Preliminary Report oil the oil locality near Moghal Kot, in the Sheranl 

country, Baluchistan. Fisc. Pam., Calcutta, 1890. 

„ Report on the Coal Resources of Quetta and of the routes leading to it. 

Fisc. Pam., Calcutta, 1891. 

5, Report on the oul-fiow of Petroleum in the Robdar vall^, Bolan Pass!. 

Fisc. Pam., Simla, 1891, 

,, Report on the Petroleum Resources of f he country adjoining the routes 

to Quetta. Fisc. Pam., Calcutta, 1891. 

OsTWALD, Manual of physico-chemical measurements; translated by 

James Walker, 8® London, 1894* 

Penck, Dr. il.— Morphologie der Erdoberflftche. Nos. 1-2. 8° Stuttgart, 1894. 

Report on the Iron Industry of European Russia, 8° Pam., London, 1894. 

Revenub and Aoricultural Department. 

Royal Society’s Catalogue of Scientific Papers. Vols. IK and X. 4^* London, 1894. 
Sox.LT, J?, An Elementary Introduction to Mineralogy. 8® London, 1894. 
SOKOLOW, AT, Die Dunen. 8® Berlin, 1894. 
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Titles of Boohs, Donors, 

Tryon, G. W , — Manual of Conchology. ist series, Vol. XV, pt. 6 o, and 2nd series, 
parts 33a and 36. 8° Philaddphia, 1894. 

Walther, Einleitung in die Geologic als historische Wissenschaft. 8® Jena, 

1893-94. 


PERIODICALS, SERIALS, btc^ 

American Geologist. Vol. X, No. 6, and XV, Nos. z>6. 8“ Minneapolis, 1895. 
American Journal of Science. Vol. XLIX, Nos. 291-293, 8® New Haven, 1895. 

The Editor 

American Naturalist, Vol. XXIX, Nos. 339-341. 8® Philadelphia, iSpS* 

Annalen der Physik und Chemie. Neue Folge, Band LI V, heft 4; and LV, heft. L 
8® Leipzig, 1894. 

Annals and Magazine of Natural History. 6th series, Vol, XV, Nos. 88-89. Londom 

1895. 

Annuaire Geologique Universel. Tome X, fasc, 2. 8® Paris, 1895. 

Athenseum. Nos. 3516-3528. 4° London, 1895, 

Beiblatter zu den Annalen der Physik und Chemie. Band XIX, Nos. 2*3. 8® Leipzig, 
1895. 

Chemical News. Vol. LXXI, Nos. 1842-1854. 8" London, 1895. 

Colliery Guardian. Vol. LXIX, Nos. 1785-1797. Fol., London, 1895. 

Geological Magazine, New series, Decade IV, Vol. II, Nos. 4-3. 8° London, 1895. 
Industries and Iron. Vol. XVIII, Nos, 1157-1169. 4® London, 1895. 

Journal of Geology. Vol. Ill, Nos. a-3. 8® Chicago, 1895. 

London, Edinburgh and Dublin Philosophical Magazine, and Journal of Science. 5th 
series, Vol. XXXIX, Nos. 239*240, 8® London, 1895# 

Mining Journal, Vol. LXV, Nos. 3107-31 19, Fol., London, 1895. 

Natural Science. Vol. VI, Nos. 38—40. 8° London, 1895. 

Nature. Vol. LI, Nos. 1324— 1336. 8® London, 18951 

Neues Jahrbuch fiir Mineralogie, Geologie und Palaeontologte. Jahrgang 1895. Band 
I, heft a ; and Beilage-Band IX, heft 3. 8® Stuttgart, 1895. 

Oil and Colourman’s Journal. Vol. XVI, No. 177. 4® London, 1895. 

Petermann’s Geographischer Mittheilungen. Band XLI, Nos. 3—3 4® Golha, 1895. 

The Editor. 

ScientISc American. Vol. LXXIl, Nos. 9— ai. Fol , New York, 1895. 

„ Supplement, Vol. XXXIX, Nos. looo-ioia. Fol., New York, 1895. 

1 he Indian and Eastern Engineer. Vol. XXIII, No. 416 to XXIV, No. 437. 4® 

Calcutta, 1895. The Editor. 

Tscheeraak*s Mineralogische und Petrographische Mittheilungen. Band XIV, heft . 
8® Wein, 1895. 

Zeilschrift fur Krystallogtaphie und Mineralogie. By P. Groth. Band XXIV, heft 4. 
8® Leipzig, 1895. 

Zeilschrift fdr Praktische Geologie. Jahrgang 1895, Heft 3—3* 4* Berlin, 1893. 
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TiiU& of Books* 


jOoHors. 


GOVERNMENT SELECTIONS, REPORTS, etc. 

Bombay,— Annual Irrigation Revenue Report. Sind, 1893-94. Fisc., Bombay, 1895, 

Bombay Goybrnmbkt. 

„ Selections from the Records of the Bombay Government. New series, Nos. 
283-285, 288, and 290-291. Fisc., Bombay, 1894. 

Bombay Govbrnmekt. 

Cbstral Provinces.— Report on the Administration of the Central Provinces for 
1893-94. Fisc., Nagpur, 1894. Chief Commissioner, C. P. 

Ihjdia.— A Diary of various Reconnaissances in Hunza and Nagir, 1892-93. Fisc. 
Calcutta, 1895. 

, Quarter Master Generajl in India, Intbleigencb Branch. 

„ Indian Meteorological Memoirs. Vol. VII, parts 1-2. 4® Simla, 1894. 

Meteorological Reporter to Government of India. 

„ Meteorological Observations recorded at 7 Stations in India in 1894, corrected 
and reduced. 4® Calcutta, 1895. 

Meteorological Reporter to Government of India. 

„ Register of original observations, reduced and corrected, November and Decem- 

ber 1894. 4“ Calcutta, 1895. 

Meteorological Reporter to Government of India. 

„ Monthly Weather Review. November 1894 to January 1895, 4® Calcutta, 
1895, Meteorological Reporter to Government op india. 

„ The Agricultural Ledger. Nos. I— 4 (1892) 5 i — 14 and 16— 20 (1893) ; and 
1—2, 4, 6—7, and 17 (1894) 8° Calcutta, 1892-1894. 

Government of India. 

Madras. — Annual Administration Report of the Forest Department, Madras Presi- 
dency, for the year ending 30lh June 1894. Fisc., Madras, 1894. 

Madras Government. 

Punjab.— Annual Report of the Department of Land Records and Agriculture, Punjab, 
for the year ending 30th September 1894. Fisc., Lahore, 1895. 

Punjab Government* 

„ Report on the Land Revenue Administration of the Punjab for the Agri- 
cultural year, October 1893 to September 1894. Fisc, Lahore, 1895, 

Punjab Government. 


TRANSACTIONS. PROCEEDINGS, etc.. OF SOCIETIES, SURVEYS, etc. 

Albany, — Report on the progress of the Adirondack and New York State Land Survey. 

8* Albany, 1891. ^ The Survey. 

Ballarat.— The Ballarat School of Mines. Calendar for 1895, with annual reports for 
1894. 8®. Ballarat, 1895. Ballarat School op Mines. 

Baltimore.— American Journal of Mathematics. Vol. XYI, Nos. 1—3. 4® Baltimore, 
1894, Johns Hopkins University. 

n American Journal of Philology. Vol. XIV, No. 4, and XV, Na i. 8* 
Baltimore, i893«i894> Johns Hopkins University. 
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Baltimore.— Johns Hopkins University Circulars. Vol, XIV, Nos. 117-118. 4° 

Batimore, 1895. Johns Hope.ins University. 

f, Johns Hopkins University Studies in Historical and Political Science. 

Series XI, Nos. 11-12, and XII, Nos i — 7. 8®. Baltimore, 1893-1894, 

Johns Hopkins University. 
Berlin.— Abhandlungen der Koniglichen Akademie der Wissenschaften zu Berlin, 
1893. 4® Berlin. 1893. The Academy. 

„ Sitzungsberichte der K6nig. Preuss, Akad. der Wissenschaften zu Berlin. 

Nos. I—53. 8“ Berlin, 1894. The Academy. 

M Verhandlungen der Gesellschaft fur Erdkunde zu Berlin. Band XX!!* 
Nos. 1-3. 8® Berlin, 189$. 

«, Zeitschnft der Deutschen Geologischen Gesellschaft. Band XLVI, heft 3. 8® 
Berlin, 1894. 

Bologna,— Memone della R. Accademia delle Scienze dell, Istituto di Bologna* 
Serie V, Tomo III. 4® Bologna, 1892. The Academy* 

Bombay. — Journal of the Bombay Natural History Society. Vol. XI, No, 3. 8® Bombay, 
1895. The Society. 

Bordeaux.— Catalogue de la Bibliotheque de la Societe Linneenne de Bordeaux. 8® 
Bordeaux, 1894. The Society, 

Boston.— Geology of the Boston Basin. Vol. I, part 2, with 3 maps. 8° Boston, 1894, 

Boston Societh op Natural History. 

„ Memoirs of the Boston Society of Natural History. Vol. Ill, No, 4. 4* 
Boston, 1894. The Society* 

„ Proceedings of the Boston Society of Natural History. Vol. XXVI, parts 
a — 3* 8® Boston, 1894. The Society, 

M Proceedings of the American Academy of Arts and Sciences. New series, 
Vol. XXI. 8“ Boston, 1894. The Academy, 

Brisbane,— Annual Report of the Trustees of the Queensland Museum for 1890. Fisc, 
Brisbane, 1890. The Museum. 

Brussels.— Bulletin de la Societe Royale Beige de Geographie; Annee XVI 11 , Nos. 

5—6. 8® Bruxelles, 1894. The Society. 


,, Bulletin de la Societe Beige de Geologic de Paleontologie et D’Hydrologie. 

Tome I — VII. 8* Bruxelles, 1887-1893. The Society. 

Buffalo,— Bulletin of the Buffalo Society of Natural Sciences. VoL V, No. 4. 8® 
Buffalo, 1894. The Society. 

Caen.— Bulletin de la Soci^t^ Linneenne de Normandie. 4th series, Vol. VII, fasc. 3~-4, 
and VIII, fasc, i— a, 8® Caen, 1894. The Society. 

Calcutta. — ^Journal of the Asiatic Society of Bengal. New series, Vol. LXI, Part i. 
Extra Number (1892) j LXIII, Part I, No. 4 ^ and LXIV, Part II, No. 1. 
8® Calcutta, 1895. The Society. 

„ Proceedings of the Asiatic Society of Bengal. Nos. i, 3 andlf,. 8® Calcutta, 
1893. The Society* 

t. Proceedings and Journal of the Agricultural and Horticultural Society of India. 

Vol. X. 8® Calcutta, 1895. The Society. 

M Records of the Geological purvey of India. Vol. XXVIII, Part a. 8® Calcutta. 

1895. Geological Survey op India. 

„ Survey of India Department Notes for March and April 1895. Fsc. Cal- 
cutta, 1893. Survey of India Department. 
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Calcptta.— University of Calcutta. Calendar for the year 1895. 8® Calcutta, 189s. 

The University. 

Cambridge, Mass. — Annual Report of the Library Syndicate of the Cambridge University 
for the year ending December 1893. 8“ Cambridge, 1894. 

The University. 

„ Proceedings of the Cambridge Philosophical Society, Vol. VIII, part 4. 

8®. Cambridge, 1895. The Society. 

„ Annual Report of the Curator of the Museum of Comparative Zoology for 

1893-94. 8® Cambridge, Mass, 1894. The Museum. 

„ Bulletin of the Museum of Comparative Zoology. Vol. XVI, No. 15; 

XXV, No, 2 j and XXVI, Nos. 1-2. 8® Cambridge, Mass., i8g4*i895. 

The Museum. 

„ Memoirs of the Museum of Comparative Zoology. Vol. XVII, No. 3. 4.® 

Cambridge, Mass., 1894. The Museum. 

Cincinnati.— Journal of the Cincinnati Society of Natural History, Vol. XVII, Nos. 

1—3. 8° Cincinnati, 1894. The Society. 

Colombo.— Journal of the Ceylon Branch of the Royal Asiatic Society. Vol. XI, Nos* 
40—41, and XII, No. 43. 8° Colombo, 1893-1894. 

Des Moines. — Iowa Geological Survey. Vol. 11 . 4® Des Moines, 1894. 

The Survey. 

Dresden.— Sitzungsberichte und Abhandlungen der Natur Wissenschaftlichen Gesells- 
chaft Isis in Dresden. Jahrg. 1894. July to December. 8® Dresden, 
1893. Isis Society. 

Dehra Dun.— Synopsis of the results of the operations of the Great Trigonometrical 
Survey of India. Vol. XXXIV. 4° Dehra Dun, 1895. 

G. T. Survey op India. 

Edinburgh.— The Scottish Geographical Magazine. Vol. XI, Nos, 4-5. 8° Edinburgh, 
1895. The Society. 

„ Transactions of the Royal Scottish Society of Arts. Vol* XIII, part 4, 

8® Edinburgh, 1894. The Society. 

Freiburg.— Berichte der Naturforschenden Gesellschaft zu Freiburg. Band VI H. 

8® Freiburg, 1894. The Society, 

GSxtingen. — Nachricblen von der KSnigl. Gesellschaft der Wissenschaften zu 
GSttingen. Heft 1 of 1895. 8® Gottingen, 1895. The Society. 
Lausanne.— Bulletin de la Societe Vaudoise des Sciences Naturelles, 3rd series, Vol. 

XXX, No. 115, 8® Lausanne, 1894. The Society. 

LbiTzio.— M ittheilugen des Vereins fur Erdkunde zu Leipzig, 1894. 8® .Leipzig, 1893. 

* The Society. 

„ ‘Wissenschaftliche Veroflentlichungen des Vereins fQr Erdkunde zu Leipzig. 

Band II. 8® Leipzig. 1895, The Society. 

Liverpool.— Proceedings of the Liverpool Geological Society. Vol. VII, part 2. 8° 
• Liverpool, 1894. The Society. 

London*— Journal of the Chemical Society. Nos, 388-390. 8“ London, 1895. 

„ Geological Literature added to the Geological Society*s Library during the 
half-year ending December 1894. 8® London, 1893. The Society, 
„ Quarterly Journal of the Geological Society. Vol. LI, Part 2, No. 20a. 8® 

London, 1 895. The S ocibt y. 

„ Journal of the iron and Steel Institute, Vol, XLV» No. i. 8® London, 1894, 

The Institute. 
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London. — Rules and List of Members of the Iron and Steel Institute. 8° London, 1894. 

Thb Institute. 

„ Journal of the Society of Arts. Vol. XLIII, Nos. 2208-2219, 8° London, 
1895. The Society. 

„ Palseontographical Society. Vol, XLV, containing a monograph of the 
British Jurassic Gasteropoda. ByW. H. Hudleston, Parti, No. s, 
pp. 225-272. 

Do. Inferior oolite ammonites of the 

British Islands. By S. S. Buckman, Part VL pp. 257—3x2. 

Do. Devonian Fauna of the South of 

England, By G. F, Whildbome. Vol. I, pait 4, pp. 251—344, 
and Vol. II, part i, pp. 1—56. 4® London, 1892. 

„ Palaeontographical Society. Vol. XLVI, containing a monograph of the 
British Stromatoporoids. By H. Alleyne Nicholson. Part IV, pp. 
203-234. 

Do. Palaeozoic Phyllopoda By Prof. 

T. Rupert Jones and Dr. Henry Woodward. Part II, pp. 73 — 124. 

A Monograph of the British Jurassic Gasteropoda. By W. H. 
Hudleston. Part I, No, 6, pp, 273 — ^324. 

Do. Inferior oolite ammonites of the 

British Islands. By S. S. Buckman. Part VII, pp. 313-344. 

Do. Devonian Fauna of the South 

of England. By G. F. Whildbome. Vol. II, part a, pp. 57—88. 4® 
London, 1892. 

„ Palaeontographical Society. Vol. XLVIl, containing a monograph of the 
British Fossil sponges. By George Jennings Hinde. Part 111 , 
pp. 189—254. 

Do. Echinodermata from the Cretace- 

ous Formations. By W. Percy Sladen. Vol. II, part 2, pp. 29—66. 

Do. Inferior oolite ammonites of the 

British Islands. By S. S. Buckman. Part VIII, pp. 345*376. 

Do. Devonian Fauna of the South of 

England, By G. F. Whildbome. Vol. II, part 3, pp, 89—160. 4* 
London, 1893. 

,, Palseontographical Society. Vol. XLVIII, containing a monograph of the 
British Jurassic Gasteropoda, ByW. H. Hudleston. Part I, No. 7, 
PP* 32 S- 390 * 

Do. On Carbonicola, anthracomya, 

and Naiadites. By Wheelton Hind. Part I, pp. 1—80. 

Do, Inferior oolite ammonites of the 

British Islands. By S. S. Buckman. Part IX, pp. 377 "“ 45 ®» 

Do. Fishes of the old Red 

Sandstone of Britain. By Ramsay H. Traquair, Paftll, No. i, pp. 
63—90. 4** London, 1894, 

„ Proceedings of the Royal Institution of Great Britain. VoL XIV, part II, 
No. 88. 8* London, i89S* The Institution. 

I, Proceedings of the Royal Society. Tol. LVI, Nos, 33 ®“ 339 » LVII^ 
Nos, 340*342* 8° London, iS94<i895. The Society. 


21 



Records of the Geological Survey of India* [vOL XXVlll. 

TitUs of Books. Donuvs. 

London.— Proceedings of the Zoological Society of London for the year 1894, P^t 4. 

8® London, 1895, Thb Socihtv. 

,, Transactions of the Zoological Society of London. Vol. XJ II, part 10. 4° 
London, 1895. The Society. 

„ Report of the British Association for the advancement of Science for 1894. 
8“ London, 1894. 

„ The Geographical Journal. Vol. V, Nos. 4-6. 8® London, 1895. 

The Society. 

Londres. — Congrds Gdologique International. 4"" Session— Londres, 1888. ^Itudes 
sur lesSchlstes Cristallins. 8® Londres, 1888. 

Madrid.— Boletin de la Sociedad GeograBca de Madrid. Tomo XXXVII, Nos 1-2. 

8° Madrid, 1895. The Society. 

Manchester. — Memoirs and Proceedings of the Manchester Literary and Philosophical 
Society. 4th series, Vol. IX, No. 2, 8° Manchester, 1894-1895, 

The Society. 

„ Transactions of the Manchester Geological Society, Vol. XXllI, parts 

5—8. 8® Manchester, 1895. The Society. 

Melbourne.— Department of Mines, Victoria. Special Reports issued by A. W. 

Howitt, Secretary for Mines, under the authority of the Honourable 
H. Foster, Minister of Mines, Fisc, Melbourne, 1895* 

Mining Department, Victoria. 

Milano.— Meraorie della Sociela Italiana di Scienze Natural!. 

Tomo I, Nos I— 10 i II, Nos. i— 10; III, Nos. i— S j and IV, 
Nos. 1—3 & $. 4® Milano, 1865. The Soceity. 

Moscow— Bulletin de la Socidtd Imperiale des Naturalistes de Moscow. Anne6 1894, 
No. 4. 8° Moscou, 1895. Tub Society. 

Munich.— Sitzungsborichte dor Matheraatischc physikallschen Classe dcr k. b. Akademio 
der Wissenschaften zu Munchen. Heft i. 8® Munchen, 1895. 

Royal Bavarian Academy. 

Naples. — Alti della Reale Accademia della Scienze Fisiche E Matematiche. Sdri 4 II, 
Vol. VI. 4* Napoli, 1894. The Academy. 

„ Rendiconto dell * Accademia delle Scienze Fisiche E Matematiche. Sdiid 
III, Vol. I, fasc. I — 4. 8® Napoli, 1895. The Academy, 

Newcastle-upon-Tyne.— Annual Report of the Council and Accounts for 1893-94 j 
List of Council OflBcers, and Members for 1894-95, and the Charter 
and Bye-laws of the North of England Institute of Mining and 
Mechanical Engineers. 8® Newcastle-upon-Tyne, 1894. 

The Institute. 

,• Report of the Proceedings of the Flameless Explosives Committee of 
the North of England Institute of Mining and Mechanical Engineers, 
^ Part I. 8® Newcastle-upon-Tyne, 1894. The Institute. 

„ Transactions of the North of England Institute of Mining and 
Mechanical Engineers. Vol. XLIII, parts 5—6, and XLIV, 
parts 1—2. 8“ Newcastle-upon-Tyne, 1893-1895. 

The Institute. 

New York,— Transactions of the New York Academy of Sciences, Vol, XIII. 8® New 
York, 1893-94. The Academy. 
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Oxford — Catalogue of Books added to the Radcliffe Library, Oxford University 
Museum, during the year 1894. 4° Oxford, 1895. 

The University. 

Paris. — Annales des Mines. 9“® sfirid. Tome VI, llvr. 10-12, and VII, livr. i. 8® Paris, 
1894-1895. Department of Mines, Paris. 

Bulletin de la Socidt 4 de Geographic. 7“* serie, Tome XV, No. 4. 8° Paris, 
1894. The Society. 

Comptes Rendus des Seances de la Socidtl de Gdographie. Nos. 4-8. 8* 
Paris, 1 895. The Society* 

„ Bulletin de la Soci6te de Mineralogle de France. Tome XVII, Nos. 7-8, and 
XVIII, Nos. 1 — 4, 8° Paris, 1894-1895. 

„ Bulletin de la Socifite Geologique de France. 3“* sSrie, Tome XXI, No. 6, 
and XXII, Nos. 7-9. 8° Paris, 1894. 

The Society. 

„ Memories de la Societe Geologique de France. Paleontologie. Tome IV, fasc. 

2—4. 4° Paris, 1894. The Society. 

„ Bulletin du Museum d’ Histoire Naturelle. Anne 4 1895, No. a. 8® Paris, 1893. 

The Museum. 

„ Ministere des Travaux publics. Bulletin des Services de la Carte Geologique 
de la France et des Topographies Souterraines. TomeV, No. 37, 
and VI, Nos. 38-40. 8® Paris, 1894. The Ministry 

Philadelphia.— Journal of the Academy of Natural Sciences. 2nd series, Vol. X, 
pt, 2. 4° Philadelphia, 1894. The Academy. 

„ Proceedings of the Academy of Natural Sciences. Part II. 8° Phila- 
delphia, 1894. The Academy. 

„ Journal of the Franklin Institute. Vol. CXXXIX, Nos. 831*833. 

8® Philadelphia, 1895. The Institute. 

„ Proceedings of the American Philosophical Society. Voi. XXXllI, 
No. 145. 8° Philadelphia, 1894. The Society. 

Pisa.— Atti della Societa Toscana di Scienze Natural! Process! Verbal:. Vol. IX, 
pp. 193—242. 8® Pisa, 1895. The Society 

Rochester.— Bulletin of the Geological Society of America. Vol. V. 8° Rochester, 

* 1894. The Society. 

Rome. — Atti della Reale Accademia dei Lincei. Rendiconti, S^rie V, Semestre II., 
Vol. IV, fasc, 4—9. 8® Roma, 1893. The Academy. 

„ Bolletino del R. Comitato Geologico d'ltalia* Vol. XXIV, Nos. 1-4. 8^ 
Roma, 1893. The Commission. 

Salem.— Proceedings of the American Association for the advancement of Science, Vol. 

XLII. 8® Salem, 1894. The Association. 

San Francisco.— Proceedings of the California Academy of Sciences. 2nd series, Vol. 

IV, pt. I. 8® San Francisco, 1894. The Academy^ 

Speinopield. — Bulletin of the Illinois State Museum of Natural History. No. 6, 8® 
SpringBeld, 1895. The Museum. 

Stockholm. — Kongliga Svenska Vetenskaps Akademiens Handlingar. Band XXVt. 

, 4® Stockholm, 1893-94. The Academy. 

Sf . Petersburg.— Bulletin de L*Academie Imperiale des Sciences de St. Peters- 
bourg. New series IV, Nos i — 2 ; and Sdrie V, Tome I, No. 4, and 
Tome II, Nos. 1-2. 8® St. Petersbourg, 1893-1895. The Academy, 
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St. Pbtbrsbdro, — M emoires de L’Academie Iraperiale des Sciences de St. Petersbourg, 
Vir, Serie, Tome XXXVIII, No. 2 ; and XLII, Nos. 3 and 5. 4® 
St. Petersbourg, i8go and 1894. Thb Ac&dbmy. 

„ Bulletins du Comitd Gdologique. Vol, XIII, Nos. 4*7; and Supple- 

ment to Vol. XIII. 8° St. Petersbourg, 1894*1895. 

Thb Commission. 

„ Memoires du Comitd Gdologique. Vol. XIV, No. i. 4® St. Peters- 
bourg, 1895. The Commission. 

„ Verhandlungen der Russisch Kaiserlicben Mineralogischen Gesells- 

chaft zu St. Petersbourg. Zweite sdne. Band XXXI. 8® St. Peters- 
bourg, 1894. Thb Society. 

Stuttgart Jabreshefte des Vereins fur Yaterlandische Naturkunde in Wurttemburg, 
Jahrg. LI. 8° Stuttgart, 189$. 

Sydney. — Memoirs of the Geological Survey of New South Wales. Palaeontology. 

No. VIII, Part 7, 4® Sydney, 1895. Dbpt. op Mines, Sydney. 

„ Records of the Geological Survey of New South Wales. Vol. IV, part 3. 8® 
Sydney, 189$. Dept, of Mines, Sydney. 

„ Proceedings of the Linnean Society of New South Wales. 2nd series, 
Vol. IX, pts. 3-4. 8® Sydney, 1895. The Society. 

Tokio. — Mittheilungen der Deutschen Gesellschaft fur Natur und Volkerkunde osta - 
siens in Tokio. Band VI, heft 55. 4® Tokio, 1895. 

The Society. 

Turin.— Atti della R, Accaderoia delle Scienze di Torino, Vol. XXX, disp. 1—4, 8® 
Torino, 1894*1895. The Academy. 

„ Memorie della Reale Accademia delle Scienze di Torino. 2nd series, Toma 
XLIV. 4° Torino, 1894. The Academy, 

Ufsala, — Bulletin of the Geological Institution of the University of Upsala. Vol. I, 
Nos. 1.2. 8“ Upsala, 1893-1894. The University. 

Venice. — Atti del R. Istituto Veneto di Scienze, Lettere ed Arti, 7* sdrie, Tomo LIU. 

disp. 4. 8® Venezia, 1894-95. The Institute, 

Vienna — Annalen des K. K. Naturhistorischen Hofmuseums. Band IX, Nos. 1-2. 8®. 

Wien, 1895. The Museum. 

„ Jahrbuch der Kais. Konig. Geologischen Relchsanstalt. Band XLIV, -heft 1-2. 

8®Wein, 1894. The Institute. 

,, V«:handlungen der K. K, Geologischen Reichsanstalt Nos. 1*3. 8® Weiti, 
1895. The Institute, 

Washington.— Census Bulletin of the Department of the Interior. Nos. 20, 26, 27, 49, 
6x, 67, 68, 71, 73, 74, 75, 78, 80, 94, 96, 113, and extra Census Bulletin, 
Nos. 4 and xo. 4® Washington, 1891. Government of India. 

„ Mineral Resources of the United States for the calendar years 1892- 
#893. 8® Washington, 1893-1894. Dept, op the Interior. 

„ Annual Reports of the Board of Regents of the Smithsonian Institution 
to July 1892 and 1893, 8® Washington, 1893-1894* 

The Institution, 

„ Smithsonian Miscellaneous Collections. Nos, 854, 969 and 970. 8® 
Waslj,ington, 1894-1893. Tub Institution. 

„ Monographs of the United States Geological Survey. Vols* XIX 
XXI and XXU, 4® Washington, 1892, 

Thb Survby 


Upsala,- 


Venice.* 
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Washington.— Twelfth and thirteenth Annual Reports of the United States Geologies 
Survey. 8° Washington, 1891-1893. The Survey. 

„ Proceedings of the United States National Museum. Vol.^XVI. 4° 

Washington, 1894. The Museum. 

w Report of the United States National Museum for the year ending 

30th June 1892. 4® Washington, 1893. The Museum. 

Yoelo HAM A.— General Index to Vols. I.XXIII of the Transactions of the Asiatic Society. 

of Japan. 8® Yokohama, 1895* The Society. 

,, The Seismological Journal of Japan. Vol. IV. 8® Yokohama, 1895. 

The Society. 

York.— AnnualReport of the Yorkshire Philosophical Society for 1894. 8° York, 1895. 

The Society, 

Zurich.— Vierteljahrschrift der Naturforschenden Gesellschaft in Zurich. Jahrg. XL, 
heft I, 8° Zurich, i895« The Society, 


MAPS. 

Leipzig,— Debes* Neuer Hand Atlas Lief. I-IJ. Fol., Leipzig, 1895. 
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1896. 


February. 


Annual Report of the Geological Survey of India and of 
THE Geological Museum, Calcutta, for the year 1895. 

The actual area -which was geologically surveyed during the past year is much 
below the amount which could have been estimated for under favourable circum- 
stances, though perhaps not below the amount of surveys in square miles, done 
during each of the last few years. This, however, may easily be accounted for by 
the fact that not only were several officers withdrawn from survey work proper and 
employed on so-called economic inquiries, but there were several vacancies on the 
staff, which could only recently be filled up. 

At the beginning of the year the officers were distributed as shown in the last 
Annual Report on page i of the Records, Vol. XXVIII. 

Mr. H. H. Hayden joined the Department as Assistant Superintendent on the 
2iBt February, too late to take up field work, and he was therefore detained at 
head'quaiters to learn the vernacular language and to assist in laboratory work. 

Messrs. Vredeuburg and Gnmes were appointed Assistant Superintendents by 
the Secretary of State to fill vacancies on the staff ; both jointed head-quarters on 
the i6th October 1895. 

During the year three officers proceeded on furlough, namely, Mr, LaTouche 
on the 19th March, Mr. Bose on the 15th May, and Dr. Noetling on the ist July 
1895. 

At the beginning of the present camping season the staff of the survey was dis- 
tributed as follows 

Mr. R. D. Oluhau 
with 

Messrs. Datta, 

VRBDESBUaa 
and 

GaiUBS 

Mr. Middlbhiss 
with 
,, Smith 

A 


Rewab. 


^ Madras. 
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Mr. Holland . 

„ Hayden . . 

Mr. Anderson 
with 

Dr, Warth 
and 

Lala Hira Lal 

Lala Kishbn Sinqh . 

During the hot weather months and the rainy season most of the officers 
returned to Calcutta to work up their reports and maps ; Mr. Middlemiss re- 
turned to Madras at the beginning of the monsoon to continue field work. 

Mr. Oldham, with Mr. Holland, proceeded to Naini Tal at the close of the 
monsoon to leport on the stability of the hill-sides of that station. 

I myself proceeded on inspection when opportunities offered, and I performed 
the following tours ; — 

During March to Chota Nagpore and Central Provinces. 

During June to Naini Tal at the request of the Government of the North- 
Western Provinces. 

During July and August to the Central Provinces and Madras. 

During October to N aini Tal. 

Sutnmaiy of work In the following pages I give an outline of the work 
accompUahed, performed in the field and laboratory. 

As already repoited in my Annual Report for 1894, the mincralogical survey 

of Chota Nagporo has been begun by Mr. Anderson, the 

Mr. A^nderson. mining expert of this Department. During the camping 

Dr, WartU. scason ending during April of 1895 he explored a con- 

siderable area of Chota Nagpore. He made traverses 
in many directions, beginning with the countiy around Borobhura, and from 
thence to Dhadka, Moholia and Chaibassa. East of Borobhum, to a distance of 
about 12 miles, the transition rocks are much intruded by dykes and masses of a 
homblendic rock, probably diorite. Associated with these intrusions are in- 
numerable quartz-reefs, many of which were tested, but show no traces of gold. 
Almost all the reels of this area have generally a north and south strike, many of 
them occurring as joint reefs in the dykes. In the country between the 
Cupergadi Ghat and Chaibassa, similar dykes associated with quartz-reefs occur, 
but they also show no traces of gold. 

I visited Mr. Anderson daring March, when his first and rapid traverses were 
drawing to a close. A quotation from his February report will afford an idea of 
the work and the geological nature of the ground gone over. " During the month 
of February I made an examination of the country around Chaibassa, Seraikela 
and Sim. At the first-mentioned place the boundary between the transitions and 
metamoiphic series runs close past the town in a north and south direction, In the 
neighbonxhood of this boundary the rocks, particularly those of the transition 
series, are seamed with quartz veins, To the north and north-west of the town the 
outcrops of these veins are not at all well defined but usually form a series of small 
circular or elongated hills, composed superficially of nothing but small fragments 


. Head-quarters. 
. Burma. 
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. Baluchistdn. 
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of quartz. In some paitB these hills occur in numbers close together and cover 
considerable local areas. Almost anywhere in such areas the broken quartz debris, 
when ciushed or washed, show minute trices of gold. The absence of defined 
outcrops would materially increase the expense and time of prospecting this area, 
because so much work would require to be done in trenching through the super* 
ficial debris to get at the actual reef outcrops.” 

During this camping season prospecting work has begun in earnest, sufficient 
funds having been sanctioned by the Government of India for the purchase of the 
requisite plant, tools, etc. A five stamp prospecting battery with all the necessary 
outfit has been procured, workmen are being engaged and practical investigations 
are being carried out in three separate mining camps. So far the traces of gold 
found in quartz-reefs are not encouraging, but nothing definite can be said about 
the prospects of finding it in payable quantities eventually, as only 70 reefs have 
been examined up to date. 

An interesting and probably useful find of blue corundum has been made by 
Dr. Waith on the Balarampur-Borobhum road ; it occurs in a vein of kyanite, and 
when opportunity oflfeis this find will be followed up. 

The area mapped during the field season of 1894 to 1895 was very small, little 
lt0vah square miles; this insufficiency may be 

Messrs Oldham, Datta, accounted foi inasmuch thal both officers (Messrs. Oldham 
Vredenburg, and and Datta) were new to the district and were only partially 

acquainted with the rocks they met with during the progress 
of work. A considerable time was also lost by Mr. Oldham in inspecting previous 
work done by Messrs Hughes, Bose and Smith in Bewah and in trying to 
reconcile it with his own observations and views. The result has led to some 
modifications of views held hitherto with regard to the so-called Vindhyan 
sjBtem ; the chief point made out is the sepaiation of the XiOwer Yindhyans 
(Sub-ICymores) from the Upper Vindhyans. The latter will, according to 
Mr. Oldham, henceforth represent the Vindhyan system proper, whilst the strata 
below them and above the transition rocks aie to be called, as was done by 
Mr. Medlicott originally, the Semri series. The Vindhyans rest unconformably 
upon the Semri series, but it will have to be established whether in spite of the 
unconformability, which is only seen locally ; the two seiies are sepamted from 
each other by a general break in deposition of the beds composing the same. 
Mr. Oldham has stated his views in a paper in Records, Vol. XXVllI.*- 

Besides working on the Vindhyan locks Mr. Oldham also examined a small 
coal-field in the eastein part of Rewah which Mr. Smith had surveyed some jeais 
ago ; the Barakar age of the recks has now been established, as they contain 
VerUhraria^ GlmQpterisy Schizoneura^ etc. Two coal-seams have been found, 
respectively of 6 feet and 5 feet 6 inches thickness 1 the former is ij miles 
south-west by west of Ujeini, the latter 2 miles north of Amilia, both places near 
the eastern edge of sheet 476. 

Mr, Datta devoted the greater part of his attention to mapping the lower 
Vindhyans, or, as Mr. Oldham calls them once more, the Semri series. The 
work has been done in detail and some additions are made to our knowledge of 

^ p. 139.— On some outliers of the Vindhyan system south of the Son and their relation 
to the so-called tower Vindhyans. * 
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this series. A preliminary description of the area has been given by him in a paper 

in the Records, Vol. XXVIIU . p u u- , ff 

During November Mr. Oldham took'up work once more in Rewah, his statt 

being augmented by Messrs. Vredenburg and Grimes. So far the work of 
the party has not progressed far enough to add new facts to those already 

reviewed. ^ . t. i p 

Mr. Bose continued work south*west and west of Raipur in the Central Pro- 
vinces, from where he returned to head-quarters on the 6th 
Central jjg progress report from which it appears 

Mr. p. N. Bose. features of the geological structure of that 

portion of the Central Provinces consists of a base of crystalline rocks, granites, 
and gneisses with great intrusions of felsites, on the denuded surface of which 
lie patches, often of large extent; of ** Vindhyans”; two lithologically distinct 
facies of the lower division of this system have been distinguished by Mr. Bose, — 
the eastern or Chattisgarh facies and the western or Bhan dara rocks. The former 
are already known as the “ Chandarpurs,” whilst be proposes to call the latter the 
“Bagh Nadi” sandstones, a distinction which I do not consider necessary, as 
apparently these two facies aie of the same age. Theie can be little or no doubt 
whatever that the entire sequence of beds in both areas belongs to the lower 
Viodhyans, as known hitherto, and my own inspection of these rocks is in 
conformity with this view. 

Mr, Bose had taken up work in the Central Provinces as early as 1884, and 
has always insisted on having discovered an unconformity between the lower 
Vindhyans and the so-called Chilpis, a scries of stiata doubtfully coi related with 
transitions elscwhcie. One of the localities specially mentioned by him was the 
country around Warorband, about ten miles south-east of the Dongarghar station 
on the Bengal-Nagpur Railway. Mr. Bose had been several limes over this area, 
and during last held season he reported that he had obtained confirmatory evidence 
of his former assertion. I may here mention that Mr. MedUcoU, who knew the 
ground, strongly differed from this view, but that Dr. King, although he thought 
(Records, XVIII, page 190) that the evidence was unsatisfactory, on a later 
occasion expressed his opinion that this unconfoimity had been established. The 
question of unconformity or otherwise remains to-day much where it was before, 
but during a short inspection of Mr. Bose’s work during March I ascertained that 
the so-called Chilpi beds have no existence at Warorband itself. Believing that 
an inspection of that locality which he had repeatedly visited, and the survey of 
which he had revised as late as last season, would afford a fair lest of bis work, 
I proceeded to the place in March last, and during a few days’ stay walked over the 
neighbouring country, — which is fairly open,— in company with Mr. Bose. I started 
from Dongarghar station, which I may here mention is situated on granite, which 
forma particularly characteristic “ tors ” and rugged hills in the neighbourhood, some 
of which are crowned with temples, The granite is seen in situ not only there 
but fox miles around, and the road (ten miles) to Warorband passes almost 
entirely over it. There are dykes and intrusions of felsites and diorltes seen in 
this area along with numerous and conspicuous quartz-reefs. 

According to Mr. Bose we should have a sequence of older beds (Chilpis, 

1 p, 144.— (tetes on a pottino of the lower Vteiilljran area of the Soao Valley. 
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consisting of grits and conglomerates, etc.) dipping at a higher angle below 
the Chattisgarh lower Vindhyans, the |ormer being associated with emptive 
rocks. 

What I actually found was that the country about west of Warorband consists 
of granite, with wide belts and intrusions of felsites and diorites ; these igneous 
rocks have long ridges of reef-quartz running nearly north and south, and on an 
abraded surface of these rocks rest immediately beds of the lower Vindhyans Cso- 
called), which form the basin-like Chattisgarh. series of strata, the western margin of 
which is slightly raised, thus dipping from 20 to 30® east and east-south-east, gradually 
flattening out, and even in some cases forming undulating anticlinals. The lowermost 
beds consist 0? brownish-red to pmrplish indurated quartz-sandstones, with strings 
of grits and in some places breccias and conglomerates, which strongly reminded 
me of the Rotas (Sone) basal conglomerate of the lower Vindhyans. The grits 
are not confined to beds nor to the base of the series, but as is usual in such 
a lithological facies, occur in strings and irregular beds at various horizons. 
The upper beds of this system consist of the Chattisgarh limestones, with which 
we have no concern here. Nowhere could be discovered any sedimentaiy or 
metamorphic rock which might have been identified with an older system than 
the Vindhyans, and although I am quite ready to admit that the igneous series of 
rocks which forms the base of the lower Vindhyans here, may be intrusive in a 
“ transition ” system, of which the Chilpis may be a local development, yet neither 
at Warorband nor anywhere in that neighbourhood is there any evidence of such 
a system, and the lower Vindhyans rest directly upon the granitic and in other 
places upon a felsitic or dioritic base. It seems that Mr. Bose had taken four 
distinct rocks as parts of the assumed “ transition *' series ; first, the (probably) 
pseudomorphic quartz, which forms such numerous and most conspicuous reefs 
in that area and which in some places forms actually the base of the lower 
Vindhyans, and which being much crushed at places, has occasionally the appear- 
ance of a breccia and even grit. — that is to say, if not very closely observed; 
secondly, for some reason he looked upon the basal grits and conglomerates of 
the lower Vindhyans, where raised at a higher angle, as forming an older and 
unconformable series of rocks to the same beds, where the dip flattens out, or is 
even slightly reversed in cases of shallow synclinals, and this was the case at a 
point east cf the Warorband lake itself ; thirdly, an exposure of dioiite weathering 
concentrically and showing that leafy condition, which in hand-specimens is often 
at first misleading, was mapped as intrusive in phyllites, the latter being the 
weathered and pseudoschistoze portion of the diorite ; and lastly, Mr. Bose had 
identified and mapped aa grits and shales of the Chilpis, a long and most con- 
spicuous ridge made up of typical felsite. After a most careful inspection I may 
assert most confidently that at all events there are no “ transitions or Chilpis " 
or any older sedimentary strata below the lower Vindhyans at Warorband, but 
that the latter rest directly upon an eroded surface of igneous rocks. That the 
“ Chilpi Ghat series " may elsewhere underlie the lower Vindhyans unconformably 
is theieby not disproved of course. 

The continuance of the geological survey of the Central Provinces has to be 
postponed owing to the fact that Mr, Bose has gone on two years’ furlough. 



Naini Tal 
Messrs, Oldham 
and Holland. 
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After return froui field work in Rewah and before the beginning of the rainy 

season, Mr. Oldhana was deputed to Naini Tal to serve as 
NrW.?ri>niinces. jnember on the Committee appointed to report on the 

safety of Government House Hill. The examination was 
conducted during May and most of June j Mr Oldham has 
sent in his report to the Government of the North-West Provinces, but the following 
extract from bis diary for June expresses his views in outline ; “ The facts collected, 
when compared with those observed on my previous examinations leave no doubt 
that there is a stead j' downhill creep of the outer portion of the hill for a depth o‘ 
probably about 50 feet, The main surfaces of separation unfortunately reach the 
summit under the Government House and the constant settlements which have taken 
place in the past, at an annually increasing rale, impressed me with the danger of a 
farther settlement taking place, which might be sufficient to endanger the house.*’ 

As other members of the Committee dissented from this view, the Government 
of the North-West Provinces requested that I should give my opinion, and I pro. 
ceeded to Naini Tal accordingly. Whilst I fully agree with Mr. Oldham in believ* 
ing that the entire hill slope below Government House is in a more or less danger- 
ous condition and that some day slips on a large scale may occur there, yet I did 
not feel convinced that distinct proofs existed of later and more extended develop- 
ments of certain cracks in the hill, which had been reported on many years ago. In 
the absence of positive proofs that the hill-side exhibited greater signs of danger 
now than it did for some years past, I did not advise the Government to evacuate 
the hill, but to stringently enforce certain recommendations which had been made 
by previous committees, and also to carry out extended drainage works. One of 
my reasons in advising Government thus, was, that immediately after the rains a 
further and more detailed examination of all the hill-sides of Naini Tal was to be 
made by officers of the department, when the question would bo finally settled. 
This was done during October and part of November of this year. A large scale 
contoured map of the station had been made by the Survey of India, and Messrs. 
Oldham and Holland conducted their detailed inquiries, which will be embodied 
in an exhaustive memoir and which ought to dispose finally of the question of the 
safety of this hill -station, 

The investigations, chiefly of a petrological character, tvhich Mr. Middlemiss 
mAnr pursued during 1894, were continued also daring the past 

Messrs. Middlemiss year, and they have added much to our knowledge of the 

and F. H. Smith. occurrence and distribution of the magnesites and corundum 

0 the Madras Pfesidcncy. Many of his observations are of great interebt and 
have therefore been more fully dealt with iu "notes” published in the " Records.” 
He has sent a preliminary report, rather fully worked out, which will be published 
in the " Records.” This cold season he is assisted by F. H. Smith, and it was 
hoped that the special work on which Mr« Middlemiss has now been engaged for 
about two years would be accelerated, but unfortunately Mr. Smith has been 
ssriously ill with feVer since his arrival in the Madras Presidency. 

" The trial boring for oil which was commenced two years ago, progressed 

satisfactorily, if slow, till the 19th March of the past jear, 
Mt, LnTooche. dale Mr. LaTouche handed over the work to Lala 

Lola Hlta L»i. Hira Xa\ , Sub- Assistant of the Geological Survey of India» 
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and proceeded on furlough for eighteen months. The latter was onlf very few 
days responsible for the direction of the boiing, arrangements having been made 
to hand the same ovei to the North-Western Railway authorities, which was finally 
effected on the 25th March. Mr. LaTouche has given a short report on the boiing 
in the May number of the Records. 

The personnel of the works consisted of Mr. LaTouche \iith Lala Hira Lai of 
the Department, the latter only having joined 25th October 1894; and two Ameri- 
can drillers, Messers, Cremer and Eady, The last named was engaged at the 
special representation of Mr. LaTouche, who urged the advisability of woiking 
more continuously. 

When Mr. LaTouche handed over the boring to the North-Western Railway 
authorities it had reached a depth of about 1,100 feet, and since then it was bi ought 
down to 1,500 feet, without, however, ob^ning any trace of oil. The chisel has 
passed through some limestone bands latterly, which may be the beds of the lower 
nummulitic, but to be certain, I have recommended that the boring be brought 
about 200 feet lower. 

Sal /* — While superintending the boring at Sukkur, Mr. LaTouche had occasion 
to examine a very interesting occurrence of rock-salt in nummulitic limestone. 
The spot where this mineral is found is about half a mile south-east of the village 
of Aror, which lies at about 4 miles east of Rohri on the left bank of the Indus. 

Daring February Mr. Smith examined the high range between the Ldni plain 

and the Zbdb territory. This range is apparently formed 

Wester n massive jurassic limestone, containing ammonites ; its 

Mr. F. H. Smith. ’ thickness is very great, and in the Wat pass, which leads 

1. through the centre of the range, it is quite 2,000 feet, all 
L.U K»h« Singh. ^ 

This grey, massive limestone is overlaid by the neocomian belemnite beds, 
consisting of yellowish to pink, light green and white shaly limestones and shales,-— 
conformably apparently. The entire area near Mekhtar is formed of these beds 
which yielded belemnites in abundance, besides some ammonites. 

This neocomian horizon is overlaid by a great series, which Mr. Smith was 
unable to divide fuither, but which seems to have varied a good deal hthologically ; 
the middle of the series apparently contained nummulitic limestone beds, and the 
uppermost beds were capped by the white nummulitic limestone of the Spmtangi 
beds. Some of the beds of this great series appear to be derived from volcanic 
material, and even basaltic rock was met with. 

Later on, after returning from the Tochi pass, to which he was deputed on 
special duty, he traversed the dountry lying between D&a Ghdzi Khin and Zidrat. 
His observations were only made en route and consequently must be fragmentary, 
fie reports that between Karwada to Mekhtar he traversed about 30 miles of middle 
and lower nummulitic rocks, sandstones and limestones with numerous shale 
partings. East of Mekhtar these beds rest apparently confoimably on “belemnite 
beds” (upper cretaceous). From thence to some distance west of Loralai he ob- 
served all the rock facies which we already know to exist in those parts, 
sections from the Jurassic limestoue to nummulitic, but he had no time then to 
further examine tlie country, the season being too far advanced. The high lange 
north of the Shihrig valley, generally known as the Kaliphit range and which rise 
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to upwards of 10,000 feet, seems to show in places a complete section beginning 'with 
the jnrassic massive limestone, overlaid by cretaceous rocks and capped by the 
lower nummulitic limestone. The existence there of Jurassic beds is an interesting 
fact. 

During June Mr. Smith examined some of the high ground west of Zidrat, 
especially the Pil range, through -which a fine section is laid bare by the tangi (de- 
file) north of Mangi ; the range is made up of a great thickness of massive limestone 
(about 3,000 feet), which he identifies with the Jurassic beds seen further east, and 
which is overlaid by well-developed “ belemnite beds ” (1 tf., lower and upper creta- 
ceous), the whole being covered by the hard grey lower nummulitic limestone. 

HilU east of Sihi . — Lala Hira Lai, after handing over the Sukkur boring to the 
North-Western Railway authorities, was ordered to Baluchistdn, and to survey the 
low ranges east of Sibi. He was engaged during May and June in geologi- 
cally surveying the low hill ranges east and north-east of Sibi, which task 
was successfully accomplished. The rocks met with belong to the tertiary 
system and recent deposits. Upper nummulitic limestones were met with occasion- 
ally, but the rest seem to consist of very large thicknesses of Siwalik sandstones, 
shales and conglomerates only. Some fossils were collected by this officer, but 
apparently good specimens are very rare and as usual in those parts, the Siwaliks 
contain little more than fragmentary remains of vertebrates, amongst which are 
very few which will permit a specific determination. 

Rills near Quetta . — Lala Kishen Singh was engaged daring the last quarter of 
the year in examining the south-western extension of the Murdar hill near Quetta, 
which he found to consist of massive limestone, probably of Jurassic and lower cre- 
taceous age, the only clue to its structure apparently being a band of upper creta- 
ceous belemnite beds. He also examined the northern end of the Chehiltan 
range ; the section of it had already been worked out during previous field seasons. 
It includes strata from the upper Jurassic to lower nummulitic age. 

• TocM Pass, — Mr. Smith was deputed to join the Tochi delimitation camp 
during February and March, and be has furnished a short preliminary report/ the 
main features of which shew that the section seen along the Tociii route resembles 
closely that of the Sulaimdn section, and that some of the rocks are very similar to 
those found in Baluchistdn. 

The section comntences on its eastern limit with a series of Siwaliks, which dip 
eastwards under the recent deposits of the Bannu plain- The Siwaliks, both upper 
and lower, are of immense thickness, the lower beds alone showing a normal sec- 
tion of vertically dipping strata of 2 miles in length, Below them is a thin band, 
170 feet, of white nummulitic limestone, beneath which follows a great thickness of 
shales and limestones, in which Mr. Smith did not discover any detenninable fos- 
sils, but which he suspects to represent the entire middle and lower eocene divi- 
sions. The lowest beds of this sequence form an anticlinal ridge of dark grey un- 
fossiliferoos shaly limestone of unknown age. These lower tertiary rocks form a 
wide bell, some 30 miles from east to west, and include the Lawm range. Near 
Mahomed Kbdl, the lower beds of the series become suddenly mixed with intrusive 
and also interbedded igneous rocks, chiefly diorites, gabbros, and serpentines. 
North of Sherannl this igneous series is overlaid by white nummulitic limestone 

‘ Rflcorfls, Vol. XXVin, page 166. 
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and fibales, and at Dotoi, lo miles west of Sheranni, the same igneous series is 
overlaid by blue slaty shales with thin nummulitic bands. 

In some respects this description recalls the £ysch-like series of rocks of the 
Kojak and Peshin ranges. 

Tlie inquiry into the occurrence and nature of the earth-Oil of the Yenan- 
Bufma gyoong neighbourhood has at last been brought to a suc- 

Dr. F. Noetling. cessful close by Dr. F. Noetling, who was engaged on the 

M* H I? several years but with interruptions. That 

r. . ay an. QgjcQj. returned from Burma in March of this year and 
has handed in a very voluminous and exhaustive report* fully illustrated with 
sections* views and maps now in the press. 

Gams. — Dr. Warth was deputed to Burma to report on a tract of country north- 
west of Mogoung, where rubies had been discovered, and which area had been 
declared a “ stone tract” by the Government of Burma, A long delay at Rangoon* 
owing to a medical examination which that officer had to undergo, prolonged 
the inquiry far into the hot weather and had therefore to be confined to the 
“ stone tract ” alone. 

His report may be summed up as follows : The area consists of crystalline rocks, 
chiefly granitic and igneous, inclosing patches of metamorphic rocks amongst which 
a crystalline limestone is especially noticeable, which contains the same minerals 
as found in the Mogok and Sagyin areas, and which is probably also here 
the original matrix of the rubies* which are now dug up by natives from the sur- 
rounding alluvium. The latter forms the ” stone tract " proper, may be about ten 
square miles in extent* and does not seem to be very rich in gems. 

Mr. H. H. Hayden was posted to Burma during this field-season* and he started 
work in the ruby-tract of the Sagyin hills during November. His researches 
carried out under somewhat trying conditions, which the dense vegetation aggra- 
vates, are of considerable interest. The main results obtained so far are as 
follows 

The rocks of the area are chiefly of two kinds, namely crystalline, consisting of 
gneiss and schists, and overlying the same, limestone which is considerably altered 
and contains many and interesting minerals, including spinel and ruby. The 
latter occur chiefly in a veinstuff which fills joints and fissuies, and out of which 
the natives obtain the gems. One of the most interesting facts established by 
Mr. Hayden is that the limestone rests on the schists and gneiss* the junction 
being marked by the presence of a conglomerate associated with a limestone 
breccia, thus proving without doubt that this coarsely crystalline limestone is of 
sedimentary origin. 

Vol. II of Series XIII of the Palseontologia Indica has at last been published, 

and Dr. Waagen’s description of the fossils from the Ceiatite 
pnbllcadoas. henceforth form a standard work on the lower 

trias of the Salt Range, 

The publication of this classic volume was so long delayed and so much new 
light has been shed upon the lower trias fauna of India within recent years, that 
a review of the results of Dr. Waagen’s researches becomes imperatively necessary. 
I am informed that the learned Professor is preparing such a summary, which will 
probably be first published in Europe. 


Fablicadoas. 
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Of the Series XV on Himalayan Fossils, part 2 of Vol, II has already appeared, 
descriptive of the Cephalopoda of the Muschelkalk. The material which Dr, 
Diener had at his disposal, which includes all the specimens collected from those 
beds in the Him^ilayas up to date, is so complete that we are in a position to 
correlate these beds with perfect accuracy. It is a matter of especial satisfaction 
to me that the examination of these interesting fossils has confirmed my division 
of the trias of the Central Him^ilayas, founded as it was, chiefly upon stratigraphlcal 
grounds. 

Part I of the same volume, on the Cephalopoda of the lower trias by the 
same author, is in a forward condition and ought to be published at an early date. 
All thd plates illustrating the same are completed and the manuscript is ready for 
the press. 

Dr. Noetling has prepared several parts of a new Series XVI of the Palgeonto- 
logia Indica to illustrate the fauna of Baluchistdn and North-Western frontier, 
which await only the completion of the plates, to be issued. 

Several memoirs are in course of publication ; part i of Vol. XXVII on 
“Marine fossils from the Miocene of Upper Bui ma” by Dr. Noetling has been 
published, and part 2 is in the press. 

A discovery of vast interest to Indian Geologists has been made during the year 

to which 1 must allude here ; it is the discoveiy of a Gond- 
South yjfoxiz, flora^ in coal-bearing deposits in Argentina, made by 
Dr. Kurtz, Professor at the University of Cordoba. The 
flora, with several species identical with such out of the Indian Gondwanas, occurs 
in beds, which overlie, — though in what manner is not known yet, — a series of beds 
containing a true carboniferous (Culm) flora. But the most interesting fact is 
that in Argentina New opUrtdinm validum is found in the stme beds with Lepih- 
dendron, as 1 am informed by Dr. Kurtz, who has promised to give me further and 
more concise particulars. 

Mr. Holland, the curator, was absent on privilege leave from March islh to 
MuseuiD and Labora- *7^^ and later on duty at Naini Tab from which he 

tory- returned on 13th November, but he has since been en- 

gaged in arranging the rock and mineral collections belonging to the Depart- 
ment. 


The collection of rocks now amounts to over 16,000 specimens and they have 
been registered and partially arranged. Satisfactory progress has been made also 
in the classification and description of the collection. The miscroscopic characters 
of about 500 specimens of the crystalline rocks have been worked out, which will 
enable Mr. Holland to form a preliminary sketch of the classification of this group, 
which, though so largely represented in India, has hitherto received little more 
than superficial attention in the field, when as in previous years, the specimens in 
the collection were found to be types new to petrology, or were found to offer 
important evidence concerning unsettled pelrograpbical problems. Mr. Holland 
has taken the opportunity, where possible* of utilizing the college vacations for the 
purpose of tracing out iheir field relations, and of collecting fresh material for 
confirming or correcting the microscopic work in the laboratory. As a result of 
work of this luiture, the examination of the field relations of the new types of 
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peildotites discovefed by Mr. Holland and referred to in my last annual report has 
enabled him, in conjunction with Dr. Saise, to completely describe them and 
to revise a map showing the nature and distribution of the intrusive rocks in, and 
the crystalline series around, the coal-field of Giridih.^ 

The interesting forms of metamorphism displayed by the crystalline rocks 
around this coal-field having been found to result in the production of garnets in 
pyroxenic type, the remaining pyroxenic rocks of India, and specially those of the 
Madras Presidency, whose presence and wide distribution in Southern India were 
first noticed by Mr. Holland in 1892, have been examined wth special reference 
to the origin of this mineral which is so remarkably abundant in this country. In a 
paper contiibuted to the current number of the Records Mr, Holland has traced out 
the development of the garnets in these pyroxenic rocks, and, fiom the evidence 
obtained from widely separated areas in India, be concludes that the reaction- 
borders often confused with Kelyphite, and occurring so frequently associated with 
the garnets of pyroxenic rocks, represent a stage in the development, and not, as 
luis generally been supposed, in the destruction of gainets. Mr. Holland has 
contributed another paper to the same number of the Records in which he has from 
the evidence of the specimens collected by himself in Madras combated the views 
expressed by Mr. Lacroix concerning the nature of the acicular inclusions giving 
rise to the phenomena of asterism, so frequently characteristic of Indian gem- 
garnets. 

Amongst the specimens of interest added during the year are eight new mete- 
orites. 

Mr. Holland reports most satisfactorily on the work done during the year in the 
laboratory and museum by his assistant, Mr. T. R. Blyth. 

The additions to the libraiy during the past year amount to 1,949 volumes, of 

which 1,140 were acquired by presentation and 800 by 
pnrchMe. 


Calcutta, 

2he Slit January iSgj^ 


C. L. GRIESBACH. 
Rinchrt Geological Survey of Indi 
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List of Societies and other Institutions from which publications have been 
received in donation or exchange for the Library of the Geological 
Survey of India during the year 

Adelaide. — Ko}al Society of South Australia. 

Albany. — Adirondack Survey. 

M New York State Museum. 

Ballarat.— School of Mines. 

« Baltimore. — Johns Hopkins University. 

Basel. — Naturforschende Gesellschaft, 

Batavia.— Kon, Natuur Kundige Vereeniging in Nederl. — Indie, 
Belfast. — Natural History and Philosophical Society, 

Berlin. — Deutsche Geologische Gesellschaft. 

„ K. Preuss. Acad, der Wissenschaften. 

„ K. Preuss Geologische Landesanstalt. 

Boloona. — Reale Accademia delle Scienze dell’ Istituto. 

Bombay. — Meteorological Department, Government of Bombay. 

„ Natural History Society. 

Bordeaux. — Soci^td Linndenne de Bordeaux. 

Boston. — Society of Natural History, 

Breslau, —Schlesische Gesellschaft fCr VaterlSndische Cultur. 
Brisbane.— Royal Geographical Society of Australia. 

„ Royal Society of Queensland. 

Brussels. — Academic Royale des Sciences. 

„ Socidt6 Beige de Geographie. 

„ Socidtd Beige de Gcologie de Paleontologio ei d’ Hv- 
drolog. 

Budapest.— K6n. Ungarische Geologische Anstalt. 

„ Ungarische National-Museum. 

Buenos Aires.— Acad. National de Ciencias en Cordoba (Repullica 

Argentina). 

Buffalo.— Society of Natural Sciences. 

Caen.— Socidtd Linndenne de Normandie. 

Calcutta.— Agricultural and Horticultural Society of India, 

„ Asiatic Society of Bengal. 

„ Calcutta University. 

„ Editor, The Indian and Eastern Engineer. 

„ Meteorological Department, Government of India. 

„ Survey ol India. 

Cambridge.— Philosophical Society. 

„ University of Cambridge. 

Cambridge, Mass.— Museum of Comparative Zodlogy. 

Canada. — Hamilton Association. 

Christiana.— Committee, Norwegian North Atlantic Expedition# 

• CmciNNATL— Society of Natural History. 

Copenhagen*— Academie Royale des Sciences. 

„ Kong. Danske Videnskabemes Selskab# 

Dehra Duk.— Great Trigonometrical Survey. 
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Dbs Moines.— 'Iowa Geological Survey. 

Dijon,— Academic des Sciences, Arts et Belles-Lettres. 

Dresden.— Naturwissenschaftliche Gesells. Isis. 

Dublin. — Royal Irish Academy. 

Edinburgh.— Geological Society. 

» Royal Scottish Geographical Society. 

„ Royal Scottish Society of Arts, 

F REiBURG. — Naturforschende Gesellschaft. 

Geneva. — Soci^td de Physique. 

Glasgow. — Glasgow University. 

Gotha.— Editor, Petermann's Geographische Mittheilungen, 
GdTTiNGEN.— K. Gesells. der Wissenschaften. 

Halle. — Naturforschende Gesellschaft. 

„ Academia Ctesarea Leop.-Carol. Natuise Curiosoium. 
KdNiGSBERG. — Physikalisch-Okonomiache Gesellschaft, 

Lausanne. — Socidte Vaudoise des Sciences Naturellea. 

LifesE- — Socidtd G6ol. de Belgique. 

Lille.— Soci4t4 Gdologique du Nord. 

Lisbon.— Section des Travaux G^ol. du Portugal. 

Liverpool.— Geological Society, 

London,— Iron and Steel Institute. 

Linneau Society of London. 

Royal Geographical Society. 

Royal Institute of Great Biitain. 

Royal Society, 

Society of Arts, 

ZoSlogical Society. 

Madrid. — Reale Academia de Ciencias. 

„ Sociedad Geografica de Madrid. 

Manchester.— Geological Society. 

„ Literary and Philosophical Society. 

Melbourne.— Department of Mines and Water-Supply, Victoria. 

„ Royal Society of Victoria. 

Milan.— Societd Italiana di Scienzd Naturali. 

Moscow.— Socidtd Imp. des Natur. 

Munich,— Kon. Bayeiische Acad, der Wissens, 

Naples. — Reale Academia delle Science Fisicbe e Matematiche. 
Newcastle-upon-Tyne.— North of England Institute of Mining and Mechanical 

Engineers. 

New Haven.— Connecticut Academy of Arts and Sciences. 

» Editor, American Journal of Science, 

New York.— A cademy of Sciences, 

Ottawa.— Geological and Natural Histoi^ Survey of Canada 
» Royal Society, 

Oxford. — University Museum. 

Paris,— Department of Mines. 
n Editor, Annuaire Gdologique UnivemeL 
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Paris. — Ministere des Travaux Publics, 

„ Museum d’ Histoire Naturelle. 

„ Soci^td de Gdographie. 

„ Socidid Gdologique de France. 

Penzance. — Royal Geological Society of Cornwall. 
pHiLADELP HU.— Academy of Natural Sciences. 

„ American Philosophical Society. 

„ Franklin Institute. 

» Wagner Free Institute of Science. 

PisA. — Societa Toscana di Scienze Natural!. 

Rio-de-Janeiro. — Imperial Observatory. 

Rochester. — Geological Society of America. 

Rojie.— Reale Accad. dei Scienze. 

» M Comitato Geologico d' Italia. 

Sacramento. — California State Mining Bureau. 

Saint Petersburg. — Acad^mie Imperiale des Sciences. 
u Comitd Gdologique. 

„ Rus&ische Kaiserliche Mineralogische Gesellscha 

Salem. — American Association for the Advancement of Sc* 

San Francisco.— California Academy of Sciences. 

S. Paulo. — Commissao Geographica e Geologica. 

Springfield. — ^Illinois State Museum of Natural History. 

Stockholm. — Rongliga Svenska Vetenskaps Akaddmie. 

Sydney.— Australian Museum, 

„ Department of Mines and Agriculture, New South Wales, 
„ Geological Survey of New South Wales. 

„ Linnean Society of New South Wales, 

„ Royal Society of New South Wales. 

Tokio,' — Deutsche Gcsellschaft ffir Natur und Volkcrkunde. 

Turin, — Osservatorio della R. Universita di Torino. 

,) Reale A ccad. dellc Scienze di Torino. 

Upsala. — Upsala University. 

Venice.— Reale Istituto Venoto di Scienze. 

Vienna,— K, Akad. der Wissens. 


„ K. K, Geographische Gcsellschaft. 

„ K. K. Geologische Reichsanstalt. 

„ K. K. Naturhistorisches Hof-Museum. 

Washington.— Smithsonian Institution. 

» United States Department of Agricultuie. 

»> >1 »i Geological Survey, 

,, „ Mint. 

Wellington.— Mining Department, New Zealand, 

» New Zealand Institute. 

YbKOHAMA, — ^Asiatic Society of Japan. 

« Seismological Socle^ of Japan, 

York.— Yorkshire Philosophical Society. 
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ZORiCH.— 'Naturforschende Gesellschaft. 

The Governments of Bengal, Bombay, India, Madras, N,-W. Provinces 
and Oadb, and the Punjab. 

The Chief Commissioners of Assam, Burma, and the Central Provinces. 
The Resident, Mysore. 
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On the Acicular inclusions in Indian Garnets, By THOMAS H. 
Holland, A, R. C. S., F. G. S., Deputy Superintendent y Geological 
Survey of India, 

I, Introduction. 

1. In his detailed description of the rocks collected in 1819 by Leschenanlt de 
la Tour in the South of India, M. A. Lacroix has figured and described, in a basic 
pyroxenic gneiss, garnets containing acicular inclusions which he considers, from 
their high, positive, double refraction and straight extinction, to be rutile. ^ To the 
arrangement of these inclusions in systems mutually intersecting at angles of 60® 
M. Lacroix ascribes the asterism so frequently exhibited by Indian garnets. 

2. During my work in South India I have found at various places in the Madras 
Presidency garnets in pyroxenic rocks of all degrees of acidity from granites to 
pyroxenites. In the smaller masses which rise above the plains at Pallavaram near 
Madras, at Mailam in South Arcot district, at Wallavanad in Travancore and in the 
Madura district the garnets, as well as the associated constituents of the rocks, are 
often free of these inclusions, but the rocks in the Nilgiri hills, which attain heights 
of 8,000 feet, and in the Shevaroys of Salem district are crowded with minute hair- 
Uke inclusions which appear in the quartz, felspar and garnet alike, whilst the 
pyroxenes, which are constant constituents throughout the whole series of these 
rocks, are schillerized with plates and rods like those in the well-known hypersthene 
of Paul’s Island. 

3. The occurrence of these hair-like inclusions in an isotropic mineral like 
garnet affords special facilities for the investigation of their optical properties. 
Whilst their characters agree in so many respects with those described by Lacroix, 
1 find that instead of being referable to a uniaxial mineral like rutile they exhibit 
unmistakeable characters of a mineral crystallizing in the monoclinic system, and 
thus, whilst exhibiting in some sections extinction parallel to the long axis of the 
needles (orthopinacoidal sections), in other cases (clinopinacoidal sections) extinc- 
tion angles as wide as 39® have frequently been measured. 

II. Crystallographic disposition of the Needles. 

4. The disposition of these needles with reference to the crystallographic orien- 
tation of their host, the garnet, is of an extremely interesting nature. Not only are 
the needles arranged with a constant relation between the direction of their long 
axes and the forms of the cubic system in which the garnet crystallizes, but the 
plane of symmetry, and consequently the orthopinacoidal plane, of each minute 
needle are arranged in definite crystallographic positions within the garnet~a cir- 
cumstance quite in agreement with the definite crystallographic disposition of the 
products of schillerization in felspar^, pyroxenes, olivines and other minerals which 
have been described on several occasions by Professor Judd. I regard these 
needles in the garnet, and what are probably the same things in the associated 
felspars, pyroxenes and quartz, as secondary in origin and belonging to the same 

* See, Min* Ff.y Vol. XU (1889), p, 311, and S§c, Geol Sarv. Jnd*, Vol. 

XXIV (jtSpt), p. 176. 
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class as the inclusions which according to Professor Judd are the cause of the phe- 
nomena of schillerization. 

5. Besides the sections in which theacicular inclusions appear to intersect one an- 
other at various angles I have found some which can be arranged in three distinct 
classes, and in which the disposition of the needles is capable of a very simple 
crystallographic explanation. 

If we assume the long axes of the inclusions to be parallel to the long diagonal 
of the rhombus forming the face of the rhombic dodecahedron — the form in 
which the garnet crystallizes — or, which is the same thing, parallel to the solid 
edges of the octahedron, we obtain definite intersections exhibited in sections cut 
parallel to the octahedron, the cube and the rhombic dodecahedron respectively 
as follows ; — 

(i) In sections parallel to the octahedron there are three sets of needles lying 
in the plane of section and intersecting one another at angles of 60° 
(system a). 

(») Sections parallel to the cube exhibit two sets of needles lying in the 
plane of section and crosbing one another at right angles (system b). 

• Two other sets (system c) lying apparently at 45® to those belonging 

to system b will be seen, when examined with high powers, to be lying 
oblique to the plane of section, and consequently will as a rule appear 
to be shorter than those of system b, their maximum length in fact can 
never exceed 

X thickness oj section, 

(3) Sections parallel to the rhombic dodecahedron display two systems 
of inclusions. One system (system rf) lies in the plane of section 
and is crossed by a second system (system e) at an apparent angle 
whose tangent is that is 54**! 6'. The two sets of system e 
consequently intersect one another at angles of 2 x (90®— 54° 16') *= yT 
28', and its supplement. 

III. Optical orientation of the Needles. 

6 . As the needles are monoclinic in crystallization and their lateral as well as 
vertical axes have a constant crystallographic disposition within their host the garnet, 
the optical characters exhibited by these three classes of sections are also different, 
and, assuming the long axis of each needle to be its vertical crystallographic axis, 
the positions of the oithodiagonal axis and the clinopinacoidal plane are easily 
determined. 

(i) Sections of garnet cut parallel to the face of the cube and examined be- 
tween crossed Nicols show system h lying in the plane of section and 
exhibiting an extinction angle as great as 39°. System however, 
apparently intersecting these at aii angle of 45'*! and seen by high powers 
to be lying oblique to the plane of section, exhibit straight extinction. 
Taking the plane of symmetry to be the optic axial plane, as is usual 
in monoclinic minerals, this plane must be parallel to the cube faces 
and exhibit the maximum extinction angle. 


B 
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(2) In sections parallel to the octahedron all the needles (which have been 

referred to as system d) are cut obliquely to the plane of sym- 
metry, and the extinction angle is consequently somewhere between 
zeio and the maximum. Numerous measurements made on these 
sections gave results varying between 18° and 25°, 

(3) Sections parallel to the rhombic dodecahedron give straight extinctions for 

system and oblique extinctions less than the maximum for system <?, 

7, The monoclinic acicular inclusions in the garnets are thus arranged as 

follows 

Vertical axis of the needle parallel to the edge of the octahedron of the garnet, 

Orthopinacotd parallel to the rhombic dodecahedron* 

Clinopinacoid parallel to the cube^ 

That is to say, they are arranged with their orthopinacoidal faces lying on the 
cleavage planes of the garnet and with their long (vertical) axes parallel to the 
long diagonal of the rhombus. I am indebted to my colleague Mr. H. H. 
Hayden for having verified each of these conclusions in thin sections of garneti- 
ferous pyroxcnic rocks collected by. myself at Nagaramalai, near Salem, and at 
Coonoor in the Nilgiri Hills. 

8, Diller has described what appear to be similar inclusions in the garnets of 
a loose fragment of granulite found near the peridotite of Elliott County, Ken- 
tucky. According to Diller these inclusions are arranged at angles of 45® to one 
another, and are distinctly monoclinic with a maximum extinction angle of 30°.t 
If my conclusions are correct these inclusions should correspond to the two sys- 
tems of needles b and c which 1 have recognised in sections cut parallel to the 
face of the cube (para, 5). 

9, Lacroix states that the needles which he found in the garnets of the Salem 
pyroxenic gneiss show the positive double refraction of rutile. I find on examina- 
tion of the monoclinic needles in my own specimens with a quaitz-wedge that the 
axis of minimum optical elasticity jC lies at 39*’ to the vertical cr>’.stallograpluc axis 
c ; there would theicfore be an appearance of thickening on placing a quartz 
wedge with its axis parallel to an orthopinacoidal section. The straight extinction 
of such a section and its behaviour under the quartz-wedge would thus agree pre- 
cisely with the characters of a uniaxial positive mineral like rutile ; but that the 
mineral which forms these needles is biaxial is demonstrated beyond all possible 
question by the very wide extinction-angle and by the cross-sections which, although 
mere points, show strong double refraction. 

10, I have, however, found needles of a mineral which show the straight 
extinction and strong, positive, double refraction of rutile in the augito-diorite 
forming the main mass of Parasnath in Bengal. But these are invariably shorter 
and form clusters in the centre of the garnet without displaying any recognisable 
regnlarity of crystallographic disposition within their host. Even in the same 
section they are not likely to be mistaken for the monoclinic needles that charac- 
terise the garnets in the Madras pyroxenic rocks. 

11, According to Lacroix in hexagonal sections of these garnets the inclusions 
are arranged with parallelism to the sides of the hexagon ; but unfortunately the 

» Bull V S* Geoi* Sure., No. 38 (1887) *p. 27, 
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fignie given by him does not show the crystal outlines with sufficient clearness to 
illustrate this statement. Although as the result of my investigations, I should 
not expert this to be the case, 1 have never found a garnet in the Madias rocks 
exhibiting its proper crystalline outlines, and have consequently been unable to 
make a diiect test of this statement. 

12. Whilst it is not possible to determine with certainty the species of mineral 
which forms the inclusions under consideration, their optical characters, so far as 
they can be investigated, are suggestive of those of sphene, in which also the axis 
t meets the vertical crystallographic axis c at about an angle of 39°, although of 
course it does not necessarily follow that the vertical a"xis in this mineral would 
follow the direction of greatest elongation, A chemical test, however, made by 
Mr. Hayden and myself showed that the garnets contain small though unmistakeable 
traces of titanium. 

13. The quartz and felspar which accompany the garnet, or occur in the asso- 
ciated pyroxenic rocks in the Nilgiri and Shevaroy hill-masses, are often crowded 
with fine hairs of a nature presumably similar to those occurring in the garnets. 
The-e seems little doubt that the blue colour of the quartz and the moonstone 
opocfescene, which so frequently characterises the felspar of the more coarsely- 
grained charnockites, are due to the presence of these inclusions, whose definite 
crystallographic disposal suggests their secondary origin in common with the ordi- 
nary pioducts of schillerization. 

14. It is not without interest that in garnets vrith striated faces the striationg 
are parallel to the longer diagonal of the rhomb faces, which I have shown to be 
the position of the hair-like inclusions, and according to Descloizeaux asterism has 
generally been obseived in garnets having such stiiated faces. There seems little 
doubt, as Lacroix suggests, that the asterism exhibited by some Indian garnets is 
due to the fine hair-like inclusions which exhibit such a perfectly symmetrical dis, 
position not only of the long axes but also of the lateral axes of crystals so minute 
that their cross-sections, even with high powers, appear as mere points of light in 
the isotropic ground-mass of their host the gai net, I can recollect no prettier illus- 
tration of Professor Judd's generalization concerning the secondary changes 
brought about by agents of statical metamorphism acting on the minerals of deep- 
seated rocks and giving rise to the phenomena which he has described under the 
name of schillerization. 


Conclusion. 

15. The hair-like inclusions 4Vhich give rise to the phenomena of asterism 
in Indian garnets aie not rutile as stated by Lacroix, but are monoclinic in 
crystallization, exhibit a high double refraction and show an extinction angle as 
wide as $9° (£At) to the long axes of the needles. They are arranged with 
remarkable regularity of crystallographic disposition within their host the garnet, 
having their long axes parallel to the edge of the octahedron, their orthopinacoidal 
faces parallel to the face of the rhombic dodecahedron and their clinopinacoids 
parallel to the cube. They are considered to be secondary in origin along with 
the similar hair-like inclusions which give rise to the phenomena of schillerization 
in the associated blue qua^lz, moonstone and hypersthene of the pyroxenic rocks 
in which the garnets occur. 
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On the Origin and Growth of Garnets and of ihdr Mtcropegmatihc 
iniergrowths in Pyroxenic rochs, by THOMAS H. HoLLANDt 
A.R.C.S., F.G.S., Deputy Superintendent^ Geological Survey of India, 
(With plate i.) 


CONTENTS. 


A. The origin amo growth of garnrts. 

I. — InirodueHon, 

11. -Tht Reaction borders of Gar nets. 

HI.— r/iR Rooks in mhich the Garnets oeoar, 

IV. —Eoidenees of ike Giowth of Garnets, 

(i) Limitation of tne Reaction 'borders. 

(а) Uralitization (atnpbib >ltzition) of the Pyroxenes near the Gs rnets. 

(3) Schiileii/ation ot the Pyroxenes 

( 4 ) Paralle. growth of adjacent Garnets, 

(5) I^ield relations of thi Pyrox*nic and Garnetiferous rocks, 

(б) Chemical changes invrolved in the formation of Garnet. 

B. Micropegmatitic intbrqrowths of garnets with other minerals. 

V. — Santmary of Conclusions, 

VI. — Explanation of Plate. 


A. THE ORIGIN AND GROWTH OF GARNETS. 

I. — Introduction. 

1, Garnets occur in rocks of every degree of acidity from granites to peridotiteSy 
and the ordinary iron-alumina garnet is well-known as one of the commonest 
amongst the products of the contact-meiamorphism of aluminous rocks. Whilst 
its secondary origin can be so easily proved in the slates and schists which have 
been changed by proximity to igneous intrusions, the origin of garnet when a con- 
stituent of igneous rocks and of the crystalline types generally cannot always be so 
satisfactorily determined. As a rule, it is impossible to settle from the rock speci* 
men per se whether the garnet is a primary or a secondary constituent ; but from 
its more frequent occurrence in the gneissose crystallines than in rocks of massive 
habit, it is more generally grouped — though seldom with better reason than ana- 
logy— amongst the constituents of secondary origin. 

2. The very prevalent occurrence of garnets amongst the pyroxenic granulites 
of South India, to which I have paid considerable attention during the last four 
years, has led me to make a more widely extended investigation amongst tne 
garnetiferous rocks of this country with a view to obtaining more exact evidence 
concerning the origin of this mineral. I have considered this investigation the 
more necessary on account of the fact that Pr, J, Lehmann, in his classical work 
DU Rntsiehaug dtr alikry stall inisehm Schiefergestetnet has recorded the frequent 
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occurrence of garnet in the pyroxene-granulites of Saxony, which appear in many 
respects to closely resemble the Madras seiieB But whereas Dr. Lehmann con- 
sideis the garnet, where it is surrounded with reaction-borders resemblingSchrauf's 
kelyphite, to be passing into pyroxene, I have been led to a totally different 
conclusion with regard to the pyroxenic rocks which I have studied in India, and 
in which leaction-boiders, apparently quite similar in character, are frequently found 
between the pyroxene and garnet. These, it seems to me, afford, so far as the 
Indian rocks are concerned, most decisive evidence in favour of regarding the 
garnets as secondary in origin and derived from the pyroxene which was amongst 
the original constituents of the rock. 

3. That this conclusion is capable of wider application cannot of course be 
claimed, but it seems to me that in many cases where reaction-borders around 
garnets have been described, the precise evidence concerning the direction of the 
change might have been studied with advantage. The mere fact that the pro- 
portionate area of garnet core and reaction-border varies from cases in which the 
border is proportionately narrow to those in which the garnet forms merely a small 
nucleus, or even totally disappears, is no proof whatever that the reaction-border is 
formed at the expense of the garnet. A.s the garnets are most irregular in shape 
every one of these stages might be obtained by sections through the centre, near 
the surface, or along a fiat face of the crystal which is so surrounded by a reaction- 
zone. 

4. It should also be understood that these conclusions have no bearing whatever 
on previously-stated views couceining the nature of the kelyphite rims which 
surround the pyropes described in many peridotites, nor has it necessarily any 
connection with the evidence obtained from the Saxon pjroxenic rocks J but as 
I find it necessary to consider the garnets of secondary origin in all the pyroxenic 
rocks which 1 have so far studied in India, it may be advisable to state in detail 
the steps by which I have been led to this conclusion, the more so because the 
processes by which pyroxenes are converted into garnets seem to have been des- 
cribed, so far as I can find, in one case only. Brauns in 1888 described the formation 
of a lime-iron garnet in the palaopicrite of Bottenhorn as an alteration form of 
augite in which chemical analysis indicated a removal of alumina.^ Beside this 
the literature at my disposal in Calcutta has not revealed a single case of a garnet 
formed from pyroxene, although the contrary has been asserted in more than one 
instance. 

5 The evidence obtained from the same material also offers a very simple ex- 
planation of the origin of the micropegmatitic inter^rowtks of garnet with such 
white minerals as quartz and felspar. The micropegmatitic sttucture is conse- 
quently in these instances considered to be of secondary origin. 

IL— The Reaction-borders of Garnets. 

6, The fibrous zones which surround the pvrope in olivine-rocks were first 
described by Schrauf as a primary constituent of pyrogenic origin to which he gave 
the name kelyphite? but von Lasauk showed that these borders are in some cases, 

' Zeiischr. d. d.geol. Get., Vot. XL {1888), p. 475 - 

• Zeiischr,/. Krysi., VoL Vi (188a), pp. 333 and 3585 also Neues Jahtb. f. ltin„ 1884 
(II), p. ai. 
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mixtarea of different minerals, generally members of the pyroxene-amphibole group 
and of secondary origin.^ Becke found similar borders arpund the garnet of 
Steineck composed of picotite and several members of the pj'roxene-amphibole 
group.* Diller found the pyropes in the Elliott County peridotite composed 
largely of biotite,* whilst von Camerlander described in the granulites of Prachatitz 
a micropegmatitic intergrowth of augite and plagioclase forming a border around 
garnet.* 

7. Seeing kelyphite has been found to be a mixture of minerals so variable in 
composition, and especially as in all cases described it has been regarded as a pro- 
duct of the dnirucHon of garnet by reaction with olivine or pyroxene, either during 
or subsequent to consolidation, I shall avoid altogether the use of the term in con- 
nection with the fibrous zones which surround the garnets in the cases about to be 
described, for these I consider to represent the products not of destruction but a 
stage in the development of the garnets with which they are associated. They will 
be referred to therefore merely as reaction-borders, 

8 . Lacroix has described radiate zones composed of micropegmatitic inter- 
growths of hornblende and felspar around garnets in an eclogite from Gerscao-en- 
Plounevez, Finisterre.® He has also figured and described a radiate fringe around 
garnets in a pyroxenic rock from the Salem district,® but has offered no explanation 
of the origin of the phenomena in these cases. 

9. The reaction-borders measure about '04 mm. across and are composed of two 
distinct layers, an inner (garnet side) layer of colourless mineral in which clavulate and 
vermiform pieces of a pale green actinolite are arranged appioxiraately perpendi- 
cular to the garnet surface, giving with the low powers an appearance of radiate 
fibrous structure. The colourless mineral with crossed nicols shows colours about 
equal to those of the felspars in the same sections, an<l display lamellar twinning 
bands. The outer zone consists of a narrow band of magnetite-granules forming a 
margin to the pyroxene. 

III.— The rogks in which the garnets occur. 

JO. The specimens which it is proposed to select as examples for the study of 
the origin and growth of garnets have been obtained in two principal areas separat- 
ed from one another by distances of at least 700 miles. 

The first group of rocks occurs as large dykes and bosses of diorites amongst 
the gneisses and schists of Chota Nagpore and the Sonthal Pergunnahs in Bengal, 
These rocks by their resistance to agents of denudation are conspicuous as hummocks 
and even high hills in the neighbourhood of our coal-fields. As they can often be 
traced up to the boundary faults, but are never intruded into the stratified rocks of 
Lower Gondwana age within the field, it is presumed that they are older than the 
deposits of that system. In nearly all cases which I have examined, these can be 
shown to have been derived from original pyroxene-plagioclase rocks, which show 

^ Sit»Mngsh*t. der Niedetrhein, Ges-f, Natuf und Hailkunde^ 3rd July, l88a, 

* Twiarwai’s mm, u.petr. Vol, IV (i 88 a), p. 334. 

* Bull, U. $. Gael, Survay^ No. 38 {1887), P» 

* yaSfd. d, k h.geoU RtUhctHsiali, Vol. XXXVII (1887), p, *33. 

- t de la Soc, Sfin, de Fr,^ Vol. XU (1889), p, 14a, 

* IHd,* p. saa i also Rrt, Gtoh Sutv, Jnd., VoU XXIV (iBpj), p, 183. 
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a strong family likeness in the field and apparently belong to a petrographical 
province of pre-Gondwana age. A closer examination reveals some vei}’ interesting 
differences in the changes which they have suffered by the various agents of meta- 
morphism. 

The dynamical metamorphism to which some of these rocks have been subject- 
ed has resulted in the production of well-foliated epidiorites and hornblende-schists. 
In others, where earth-movements have been pieceded by the pi eduction of sodic 
chloride inclusions along the twin-planes of the felspar, scapolite is conspicuous 
amongst the new minerals but those in which garnets have developed show slighter, 
though decided, signs only of deformation by dynamical agencies. To this last 
mentioned group belong some dykes at Mongrodih near Giridih, some rocks collected 
by the late Mr. Fedden in the Ijri valley of Manbhdm, and the main mass of 
Parasnath, a sacred hill rising to a height of 4,479 feet on the holders of the 
Hazaribagh and Manbhdm districts. 

II. The second gioup of rocks forms the great hill-masses of the Madras Pre- 
sidency the Nilgiris, Shevaioys, Palnis, Anaimalais, Western Ghats and Cape 

Comorin, These rocks, although vaiying so widely in silica percentage fiom acid 
gianites to pyroxenites and even peridotites, present a most remarkable and unmis- 
takeable family likeness in the field. 

Microscopic examination shows that without a single exception the unaltered 
forms are characterized by the presence of a rhombic pyroxene approaching hy« 
peisthene in composition, which may occur in very small propoitions, as in char- 
nockite, or may make up almost the entire rock, as in some pyroxenites. The hy- 
persthene may be the sole representative of the group of ferro-magnesian silicates, 
or it may be accompanied by augite, hoi nblende, biotite, graphite and garnet. Some- 
times it is replaced entirely by garnet in rocks which I hope to show are beyond 
question altered forms of the pytoxenic series. 

IV. — Evidences of the growth of garnet. 

13 . The special features in the structure of these rocks which appear to corro- 
borate one another in the evidence they offer in favour of the grpwth of garnet at 
the expense of the pyroxenic constituent, may be considered under the following 
heads 

(i) Limitation of the reaction-borders. 

(fl) Uralitization (amphibollzatlon) of the pyroxenes near the garnets, 

(3) Schilleriaationof the pyroxenes. 

(4) Parallel growth of adjacent garnet crystals. 

(5) Field relations of the pyroxenio and garnetiferous rocks. 

(6) Chemical changes involved m the formation of garnet. 

I. Lmitaiton of the Reaction-borders, 

13. The reaction-border appears wherever the garnet meets the pyroxene or, 
more strictly speaking, its paramoiph hornblende, but there is not a trace of it 
where the garnet comes in contact with felspar or quartz. This of course only 
shows that there is some kind of reaction between the garnet and the pyroxene ; 

* See Holland and Salse. '*On the Igneous Rocks of ibe Giridih (Kurhurbarae) Coal- 
field and their Contact Efiects * Ru, Geol, Sure, Ind., Vol, XXVIII (1895), P* la*. 



24 


R^ords of the Geological Survey of India. fVOt. xxix^ 


but the fact that opposite the pyioxene the garnet bulges out to meet the latter is 
a circumstance which would naturally be expected if we regard the pyioxene as the 
source of the garnet material. 

Fig. I illustrates a case in wliich the gainet, fringed by a reaction-border, bellies 
out in this manner ojiposite the pyioxene, whilst colourless felspar fills a bay in the 
garnet, which at this point is without a reaction-border. This case will be referred to 
again in describing the origin of the micropegmatitic intergrowth of garnet and felspar* 


2. Vralitization {Amphibolization) of the Pyroxines near the Garnets. 

14. The formation of these reaction-borders between the garnet and pyroxenes 
seems to be always accompanied by the formation of hornblende, which lies 
between the unaltered augite and the reaction-zone, and which seems to be a preli- 
minary change in the augiie necessary to the development of the garnet. Inpaitsof 
the rock free of garnets the augites show the characteristic signs of incipient uralitiza- 
tion in the form of green pleochroic patches. This conclusion is farmer supported 
by the fact that occasionally pale green augites, 'which do not show the slightest sign 
of amphibolization, abut against the garnet without a trace of a leaction-border. 

If the opposite change — that is the formation of pyroxene from garnet-— 
were in progress, we should have in this instance a case of the formation of horn- 
blende fiom garnet followed by the transfoimation of the former mineral into augite 
—a change under the circumstances quite contrary to experience. The alteration 
of the pyroxene near the garnets is only an advanced stage of that which is seen to 
be commencing in nearly all the augites and is a case of ordinary amphibolization. 
That such is the real direction of change is even moie clearly demonstrated by 
the next point of evidence. 


(3) Schiller izatton of the Pyroxenes. 


15. The original augite, in the rocks for instance fiom Parasnath and the Ijn 
valley, are darkened, often almost blackened, with minute rods and plates regularly 
arranged as in diallage and forming an ordinary example of schillerization, whilst 
the hornblende, which has been derived from this augite, is free of such inclusions. 
The schilleiization of the feiromagnesian constituent must, therefore, have occurred 
before its amphibolization, and as the amphibolization appears to be a constant 
accom];ffl,niment of, and probably an essential pieliminary to, the development of the 
garnet, the schillerization must have occurred also before the iormationof the latter 
mineral. If the opposite change had occurred we should have a case of the trans- 
formation of garnet into a clear green hornblende, followed by the change of green 
hornblende into schillerized augite. In view of Professor Judd's explanation of 
the phenomena of schillerization such an alternative explanation of the facta may 
be safely rejected without further distussion. There is no doubt that the amphiboli- 
zation of the schillerized augiie h accompanied by the absorption of the secondary 
ferruginous products, the iron of which enters into the composition of the horn-* 
blende, and then of the final product, garnet. 

The relative posirions of the minerals in the rock are thus— 
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(4) Parallel growth of adjacent Gaf nether y si ah. 

16. In the Manbhdm rocks the large garnets are clear and pink in their centres, 
but towards the margin, where they approach the ferromagnesian mineral, 
numerous vermiform, radially-arranged cavities destroy the transparency of their 
selvages. Beyond— that is, outside — these zones of cavities the crystal-ontlines of 
the garnet can be traced, and these by repeated alternation of forms give rise to 
saw-like outlines like those which characteiize a section of “ Babel ” quartz. 
Beyond this crystal-outline there is a zone of felspar and vermiform actinolite 
which otten penetrates the crystal limits and communicates with the vermiform 
Cavities forming the z me immediately inside the faces of the garnets. It is evid- 
ently along this zone that the change is proceeding. 

Here and there clusters of minute garnets are to be seen which offer equally 
instructive evidence. These are often so small that they are^daikened throughout 
by the vermiform cavities and indeed in many cases are but imperfect rhombic 
dodecahedral clearings in the hornb^endic material, but in which with the higher 
powers of the miscroscope it is not difficult to pick out the isotropic garnet from 
the imperfectly clearel dirt and cavities. From this stage, as the clear cential area 
enlarges and shows the garnet pink colour, we can trace every giadation up to the 
largest crystals in which this selvage only covers a small fraction of the total area of 
the section. It is clear that as growth proceeds the proximal ends of the vermiform 
cavities are gradually obliterated by deposition of garnet substance in crystallo- 
graphic continuity with the skeleton, and so the central area grows simultaneously 
with the extension of the crystal borders amongst the hornblendic material around. 

Wherever the garnet comes into contact witn felspar instead of a feiro-magnesian 
mineral, there is no such development of crystal-form nor is there a zone of vermi- 
form cavities : the clear pink garnet is simply moulded on to the older felspar. It 
is only opposite the pyioxene— that is where growth can proceed without interrup- 
tion — that the crystal-outlines occur. If the reaction-zones represented decom 
position of the garnet we should naturally expect irregular coirosion of the crystal, 
whereas we have well- shaped crystals and this only where the reaction-borders occur. 

Wherever patches of small young garnets are found growing aronnd isolated 
centres, it is frequently found that several of them may develope with crystallo- 
graphic parallelism and on meeting form one large crystal. This interesting occur- 
rence is more strikingly exemplified by patches of small crystals which form in the 
neighbourhood of a large one with their faces parallel to those of the lai^e crystal 
and consequently to one another (Fig. 3). 

17. The parallel growth of these minute crystals around the larger and probably 
older individuals forms a very pretty illustration of the influence a ciystal exerts 
beyond the limits of its own faces. In a case where free movement of the material 
ia possible, as in molten material, the surrounding magma is impoverished by 
removal of the crysullizing substance, and in this way we get in the tachylytes a 
clear zone of glass around each magnetite-crystal, whilst beyond this zone the glass 
is darkened by magnetite-dust. The pink film around the growing cobalt-chloride 
ciystals in a blue solution of the salt forms a still more striking illustration of what 
O. Lehmann calls der Bofdes KrystalUs}^ 

When crystal-growth takes place after the consolidation of the substance and as 

^ Zeiisehr.f, Krysi., Vol, I, p, 99. 
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a secondary change, the “ sphere ” of the crystal influence is indicated, as might 
be expected, not by removal of material, but by parallel development from isolated 
centres confined to fairly well-defined limits around the central crystal, as exem- 
plified by the beautiful instances of garnets in the Manbhdm pyroxenic rock. 

18. The growth of garnets in these pyroxenic rocks which show no signs of 
exposure to extreme temperatures since their primary consolidation, is comparable 
to the well-known secondary enlargements of such minerals as hornblende (Becke, 
Van Hise, Harker, Bonney), augile (Van Hise, Merrill), plagioclase-felspar (Judd) 
and orthoclase (Haworth, Holland). 

( 5 ) Field relations of ike Pyroxenic and Garnetiferous rocks. 

19. One of the most interesting types of the South Indian pyroxenic rocks is a 
granite composed essentially of quartz, orthoclase largely in the form of microcline, 
hyperstheue, and always considerable quantities of opaque iron-oxides. This rock 
which possesses a striking individuality both in the field and under the microscope, 
I have described elsewhere under the name of charnockiU^ As a rule it is com- 
pact and brittle with a very characteristic dark grey or green clour; but near its 
junctions with the norite, with which it is always associated, it changes very rapidly, 
almost suddenly, to a dirty white colour, becomes granular in structure, crushes 
easily under the hammer, shows a slight but distinct foliation, and is seen then to 
be sprinkled with garnets. 

Under the microscope these changes in macroscopic characters are seen to be 
accompanied by corresponding changes in microscopic structure. Instead of the 
perfect granitic stiucture which characteiises the unaltered rock, the weaker minerals 
are seen to be crushed and sm rounded with selvages of mylonite, whilst the quartz- 
crystals show very marked “ undulosc ” extinctions which invariably characteiise 
rocks subjected to pressure. 

But that this is an altered form of charnockite there would bo little doubt even 
if the fact could not be demonstrated beyond question in the field, I'he quartZj 
microcline and black iron-ores are recognisable in precisely the same propoitions, 
but instead of hypersthene there are irregularly-shaped, pink garnets, which bear to 
the rest of the rock a proportion, so far as determmable by sections, identical with 
that of the original hypersthene, That the garnets in this case have been formed 
from the hypersthene as one among the unmistakeable results of the metamorphism 
of charnockite there can be no question. Examples of this kind are most beauti- 
fully illustrated in the low hills immediately east of the railway station at Pallavaram 
near Madras, and at Coonoor in the Nilgiri hills. 

Simultaneous with the appearance of a granulitic structure and other signs of 
pressure, the hypersthene has given place to pink garnet. A similar association 
has been recorded by Mr. Teall in the gneissose granite of BeinnVuroch, where the 
ordinary granite differs from the gneissose forms in the presence of garnet acconu 
panied by a granulitic structure in the latter varieties.® 

I have recently traced up a dyke near Kidgeree, in the Hazarlbigh district, from 
a compact pyroxenic type to a foliated garuetilerous one In which the pyroxene had 
completely disappeared, 

* Jowm. As. Soe, Btng.t Vol. LXlI (1893), p, jfiia, 

* Brit. Petrography (1888), p. 326, 



PART I.] Holland: Origin and Growth of Garnets. 


6, Chemical changes involved in the formation of Garnet., 

20. It would of course be extremely interesting to trace the precise chemical 
changes which accompany the transformation of pyroxene into garnet ; but the 
latter mineral is so intergrown with felspar and crowded with inclusions that separa- 
tion of sufiBcient clean material for chemical analysis was found to be impractic- 
able, 

21 . There is no doubt, however, that the change is not a simple paramorphic one. 
The garnet contains less silica and probably a smaller proportion of lime and alumina 
than the pyroxene from which it is derived. The excess of silica combines with 
the alumina, lime and small quantities of alkalies present in the pyroxene to form 
the plagioclase felspar which is so frequently intergrown in a pegmatoidal manner 
with the garnet. The chemical constituents of the pyroxene are thus re-arranged 
to form two minerals — one more basic and the other more siliceous than the original. 
As the more garnetiferous portions of the slides invariably contain more felspar 
than the portions where the pyroxene has suffered no change, the microscopic 
evidence confirms this conclusion. 

22. Another microscopic character which has a direct bearing on the chemical 
question is the depth of colour of the garnets. In the Madras rocks the colour of 
the pink garnet is most strikingly similar to the pink of the highly pleochroic 
hypersthenes in the same slide, so much so that without moving the polariser 
sections of the latter mineral might very easily be mistaken for garnets. In some 
quartz-biotite-norites from Isa Pallavaram, near Madras, the iron seems to have been 
principally used up by the biotite, whilst the rhombic pyroxene and the associated 
garnet too are almost colourless. The more basic rocks, approaching pyroxenites in 
composition, from Nagaramalai, in the Salem district, contain, on the other hand* 
highly-pleochroic hypersthenes with deep pink or even red garnets. Some of the 
rocks of the Nilgiris also contain deeply-coloured garnets associated with highly 
pleochroic rhombic pyroxenes that approach amblystegite in composition. As the 
pink colour of the garnets and the intense pleochroism of hypersthenes are depend- 
ent, though not in direct pioportion of course, on the percentage of iron present, 
this simultaneous increase of intensity of colour would naturally be expected. 

23. The facta cited under this head do not prove the direction of the chemical 
changes which have taken place amongst the rock-constituents, but as they indicate 
a constant chemical relation between the pyroxene and the garnet in the same rock* 
they are so far in agreement with the previously-stated evidence. 

B.— MICROPEGMATITIC INTERGROWTHS OF GARNET WITH 

OTHER MINERALS. 

24. The structure produced by the intergrowth of quartz and felspar in graphic 
granite has, since its first description on a microscopic scale by Zirkel in 1871 
been known under such names as micropegmatitic (Michel-L6vy), granophyric 
(Rosenbusch) and implication-structure (Zirkel), whilst special types of it are 
known as ocellar structure (Fischer), centric structure (Becke), and pseudo- 
spherolithic structuie (Rosenbusch). 

Although the most common example of these stiuctores is produced by the 
intergrowth of quartz and felspar, other minerals are found mutually entangled in s 
precisely sim ilar manner. 
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25. Becke has mentioned cases of a miciopegmatitic intergrowth of garnet and 
felspar in augite gneiss, ^ and Lacroix has described and figured a similar inter- 
growth of garnet and quartz in one of the pyroxenic rocks of Ceylon, ^ Heddle 
has mentioned the occurrence of quartz-inclusions in garnet giving apparently a 
similar structure.® 

26. The commonest examples of the structure, namely, those produced by the 
intergroa-th of quartz and felspar, have generally been considered to have originated 
during the primary consolidation of the rock by simultaneous crystallization of 
quartz and felspar in the propoitions of an eutectic mixture.^ 

27. But in 1883 Irving suggested the secondary origin of the quailz in 
the micropegmatitic structures of some granites and augite-syenites near Lake 
Superior.® Professor Judd showed the secondary origin of the quartz in similar 
structures and associated with the felspars of some Mull and Portsoy gabbros.« 
In 1889 the same author produced further evidence in support of his original 
conclusion and showed the connection between these structures and the secondary 
growth of minerals in igneous rocks after their consolidation,? Further examples 
of the same structuie, con.sidered to be connected with the secondary silicification 
of rocks, have been described by Miss Raisin in some nodular felstones of the 
Lleyn in Wales,® and by myself in some rhyolites from Korea ® 

28. The pyroxenic rocks of Chota Nagpore, in which I have just described the 
growth of garnets, afford most sti iking cases of microppgraatitic inlergrowths of 
garnet with plagioclase, and less often with quartz, about the secondary origin of 
which there seems to me little room for doubt. These intergrowlhs are moreover, 
as in the examples mentioned by Professor Judd, directly dependent on the en- 
largement of the minerals after the primary consolidation of the rocks (Fig. 4). 

29. It has already been mentioned that numerous small g.irnets are found 
springing up in the vicinity of laiger masses, sometimes isolated and sometimes in 
clusters. Now, wherever patches of these small garnets are found the isolated crys- 
tals grow, as already desciibed, with crystallographic parallelism to one another 
(para, 16). The bearing of this fact on the origin of the micropegmatitic structure 
is obvious; the growth from isolated centres continues until the crystals, already in 
parallel groupings, meet and join as one, whilst the felsp'ir, formed as a by-product 
in the decomposition of the pyroxene and growing at irregular intervals, becomes 
enveloped in a continuous framework of garnet. 

30. It has already been remarked, loo, that the so-called reaction-borders 
appear only between the garnet and the ferromagnesian constituent undergoing 
chwge, whilst the former mineral shows a very definite and simple outline where it 

* Tsehtfmal^s min, und psir, Vol. IV, (1882), p. 406. 

* Bvih dt la Soc. Min. de Fr , Vol, XII (1889), p. 317, and R«e. G0OI. Surv, /«d., VoL 
XXIV (1891), p, 179. 

* Min. Mag^t Vol. II (1878), p. 230. 

* See Teail, Brit. Petrography (1888), p, 391, 

* V. S, Geol. Swo. Monograph No. V, “The copper-bearing rooks of Lake Superior,*' 
p. 114. 

* Quari, yaurn.^ Gtol. Soe., Vol. XU I (t886),pp. 7a and 95* 

» md,, Vol. XLV (1889), p. T7S. 

VoL XLV (1889), p. asa. 

» Ibid., Vol. XLVIl (X891), p. 177. 
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comes in contact with the felspar (para. 13) , In this way growth occurs only opposite 
the ferromagnesian constituent, and the garnet bellies out in such areas, with the 
result that the bays and inlets are filled with felspar. A continuation of this process 
results in the complete envelopment of the felspar and its consequent appearance in 
section as isolated crystals. As might be expected, the crystal- outlines of the garnet 
are exhibited only when the pyroxene is sufficiently abundant to allow of free 
growth, whilst development is proportionately inteirupted when such minerals as 
felspar and quartz are present in quantity. Both these processes are specially well 
illustrated in the garnetiferous rocks of Manbhdm and in the rocks of Parasnath. 

31. Although a certain quantity of felspar and quartz occurs amongst the primary 
constituents of the Manbhfim and Parasnath rocks a larger quantity is formed as a 
by-product in the re-arrangement of the pyro xene-molecules. Hence it is that gar- 
net is more frequently intergrown with felspar and quartz than with the mo re basic 
minerals. The minerals intergrown are thus produced simultaneously by secondaiy 
changes in a pyrorenic rock, and the average composition of the mixture of garnet 
and whive mineral formed is approximately that of the original ferromagnesian 
silicate which has undergone the chemical re-anangement of molecules. 


V.— Summary of Conclusions. 

32. The garnets occurring so abundantly in the pyroxenic rocks of India fre- 
quently exhibit fibrous reaction-borders generally composed of felspar, actinolite 
and sometimes magnetite, and display a radiate arrangement of the fibres similar 
to the structure characteristic of Schrauf’s kelypbite. 

33 The reaction-border occurs only between the garnet and a ferromagnesian 
silicate, never between garnet and felspar or quartz (para. 13). 

34. The ferromagnesUn silicate nearest the garnet is generally green actinolite 
which can be traced out in some cases ( Janbhdm, Parasnath) to augite, and is evi- 
dently derived from the latter mineral by the ordinary process of amphibolization 
(para. 14). 

35. The augite undergoing the paramorphic change into hornblende is darken- 
ed by the minute regulaily-arranged inclusions which characterize diallage and pre- 
sent the ordinary phenomena of schillerization. The passage into hornblende is 
accompanied by the absorption of these dark ferruginous inclusions and clear green 
actinolite is the result (para. 15). 

36. Where the rock is composed almost entirely of pyroxene changing to horn- 
blende, the garnets develope with a regular crystalline outline, and several crystals 
developing in close proximity often exhibit crystallographic parallelism to one 
another. Where felspar and quartz occur in quantity as primary constituents, the 
garnet exhibits no crystal-outline, but is moulded on the white minerals, and the 
line of contact in such cases never shows a reaction-border (para. 16). 

37. The garnets are frequently found bellying out opposite the pyroxenes, 
whilst felspar and quartz occupy the bays and inlets. A continuation of the giowih 
of the garnet results in* the gradual enclosure of such felspar and quartz crystals and 
their consequent appearance in section as isolated masses (para. 30). 

38. The alteration of the original schillerized pyroxene is, therefore, not a simple 
paramorphic change, but is a decomposition which results in the simultaneous 
formation of a more basic mineral, garnet, and a more acid one, felspar. 
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39. The simultaneous development of these two minerals results in their 
micropegmalitic intergrowth. In the case of the felspar the similarity of optical 
orientation of isolated portions proves their crystallographic parallelism. In the 
case of the intergrown garnet the occurence of numerous small crystals develop- 
ing around a larger central one exhibiting parallelism of crystal-outline with 
the larger central garnet and with one another, results in the ultimate formation of 
one large crystal of garnet, in which both original felspar and quartz, as well as the 
secondary felspar formed during the destruction of the pyroxene, become entangled 
to produce a micropegmatitic structure (paras. 29 and 31). 

40. The micropegmatitic structure is thus considered to be of secondary origin 
as has recently been shown to be true for similar cases of the more common inter- 
growth of quartz and felspar. 

41. The development of felspar as a by-product during the formation of garnet 
from pyroxene explains the more frequent record of micropegmatitic intergrowtha 
of garnet with felspar than with any other mineral. 

43. The reaction-border occurring around garnets may therefore represent a 
stage in the development of garnet from the products of the molecular disintegration 
of original ferromagnesian silicates, and does not always indicate the destruction of 
garnet as has generally been considered to be the case with kelyphite borders. 

43. The evidence offered by the microscopic characters briefly indicated in the 
previous paragraphs is corroborated by the field relations of the pyroxenic and 
garnetiferous rocks. Compact pyroxenic rocks, with a perfect granitic structure, 
become friable and imperfectly foliated near their margins, where the pyroxene 
disappears, garnet, in about the same proportions, takes its place, and the rock 
becomes granulitic in structure fpara, 19). 

VI. Explanation of Plate. 

Fio. I. Garnet aystal with reaction-border which only occurs between the 
garnet and the pyroxene, or, more strictly speaking, its paramorph 
hornblende. Along the bay, which is filled in with felspar, the outline 
of the garnet is a simple one without reaction-border. In this section 
the pyroxene, which is darkened by schillcrizalion products, is amphi- 

fc bolized opposite the reaction-borders only, the portion abntiing 

against the felspar being unaltered. In pyroxene-dioriie from Paras- 
nath, Bengal. Rocl; No. 9.-'328. Slide No. 1154. Magnified by 43 
diameters. 

Fio. a. Garnet crystals, large and small, developing in amphibole derived from 
pyroxene with crystallographic parallelism and showing reaction- 
borders. In garnetiferous pyroxenite, from the Ijri valley, Manbhum, 
Bengal. Rock No, ,3*23, Slide No, 1376. Magnified by 25 
diameters. 

Fig. 3, Small garnets growing with crystallographic parallelism to a larger 
neighbonr with reaction-borders. There are large numbers of such 
small crystals growing around the large one although beyond the 
limits of the field photographed. Slide No. 1976. Magnified by 
43 diameters. 

Fig. 4. Micropegmatitic intergrowth of garnet and felspar. Tho optical con- 
tinnily of the isolated sections of the felspar is shown by parallel twin, 
tiands when examined between crossed Nlcols, Slide No. 1376* 
Magnified by 20 diameters. 
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DONATIONS TO THE MUSEUM. 

From ist November 1895 to 31ST January 1896. 

Four specimens of minerals,— Lorandite, (TlAsSj) from Allchar, Macedonia; Whe- 
weKUe on calcite, from Burgk near Dresden, Saxony ; Taraspite, from Tarasp, Grau- 
bunden ; Erzbergite, from Erzberg, near Eisenerz, Styria j Concretion of Dacite Tuff, 
from Szamoauj var, Siebenburgen j and 5 specimens of Meteorites, — Mackinnej, Collen 
Co , Texas, fell 1870, weight 195 grms ; Merced Fas, Chanaral, Chili, found 1884, 
weight 180 grras. ; Brenham Tovnship, Kiev a Co., Kansas, found 1885, weight 60 grms. ; 
Bella Roca, Durango, Mexico, found 1888, weight 88 grras,; Independence, Kenton 
Co., Kentucky, found 1889, weight 210 grms. 

Presented by Dr. Aristides Brezina. 

K. K. Naturhistorisches Hotmuseum, Vienna. 

Portion of a meteorite that fell on the Parade Ground at Meerut, North-Western 
Provinces, India, about 1860-62, and found by Captain Boisragon of the Nowshera 
Battalion, weight 21*825 grms. 

Presented by Mrs. C. S. Thomason, Gz.bni.se, Naini Tal, 

A specimen of auriferous blue quartz, from Kolar, 

Presented by R. B. Foote, 

Director, Geological Survey, Mysore, 


ADDITIONS TO THE LIBRARY. 

From ist October to 31ST Dec ember 1895. 

TVflas of Boohs. Donors. 

Bsor, Dr. £«dw»g,-“Die geschichte des Eisens, Abth II, lief 8. 8° Braunschweig, 
1895. 

Brown, C, Barrington^ and J. 1 Y.— The Rubies of Burma and Assodated Miner- 
als— their mode of occurrence, origin and metamorphoses. A contri- 
bution to the history of Corundum. 8® P., London, 1895. 

The Authors. 

„ H F.£.— Report on northern Territory Explorations, South Australia. Fisc. 

Adelaide, 1895. The Author. 

Cole, Grenville A. 5^.— 'Aids in practical Geology, and Edition (2 copies). 8" London, 
1893. 

Cope, E. D.— Fourth contribution to the Marine Fauna of the Miocene Period of the 
United States. 8® P., Philadelphia, 1895, The Author. 

„ The antiquity of Man in North America, 8® P., Minneapolis, 1893. ' 

The Author. 

Dubois, AV/g.— The climates of the Geological Past. 8® London, 1895. The Author. 
Geirib, Sir Memoir of Sir A, C. Ramsay. 8® London, 1895, 
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TitUs of Books, Donors. 

R,L.o.n 6 . Etheridge, R., *fun . — The Geology and Paloeontology of Queensland 
atid New Guinea. With plates and map. 4.® Brisbane* 1892. 
Kuktze, Dr. Gcogenelische Beitrage. 8® P., Leipzig, 1895. 

Martel, E. A . — Les Cevennes. 5th Edition. 8® Paris, 1894. 

Meunibr, S — La Geologic Comparie 8® Paris, 1895. 

Murrat, y. A H . — A new English Dictionary on Historical Principles, Vol. IIJ 
(Deject — Development) and IV, (Fee — Field). 4® Oxford, 1895. 
Nbdmakn, Studien uber den Bau der Strombetten und das Baersche Gesetz. 

8“ P., Konigsberg, 1893. 

Ostwald, Wilhelm . — Manual of Physico — Chemical measurements. Translated by 
James Walker, 8® London, 1894. 

„ Outlines of general Chemistry. Translated by James Walker, and 

Edition, 8° London, 1895. 

Prbstwich, yoseph.^ Collected papers on some controverted questions of Geology. 8* 
London, 1895. 

„ The Water-bearing strata of London. 8® London, 1891-— 1895. 

Regulations relating to Gold mining leases, 8® P , Melbourne, 1SS3. 

„ to Mineral Leases. 8® P., Melbourne, 1884. 

Sacco, Federico.-’ Essai sur L*erogenie de la lerre. 8° P„ Turin, 1895, The Author, 
The Coal and Metal Miners* Pocket-book. 8“ Scranton, 1893, 

The Indian Coal Mines. Public Opinion in re Legislation and Inspection. 8’ P., 
Calcutta, 1886. 

Toola, Frans, — tfber Erdbcben und Erdbeben—Katastrophen der neueslcn Zeit. ia“® 
P, Wien, 1895, The Author. 

Trton, Cr. FP,— Manual of Conchology. Index to Vol. I to IX, and 1st series, Patt 
Oi, and and scrie*?, Part 37. 8® Phil.'idclphia, 1895. 

TtJ^RNBR, Thomas. — The Metallurgy of Iron and Steel. Edited by Prof. W, C. Roberts— 
Auston. b® London, 1895. 

Walcott, C D, — Discovery of the genus oldharaia in America. 8® P., Washington, 

1894. The Author, 

„ The Appalachian Type of Folding in the White Mountain Range of 

Inyo Country, California. 8® P., New Haven, 1895. The Author. 

Zoologisches Adressbuch, edited by Messrs. R. Fricdlander und Sohn, Berlin. 8" Berlin, 

1895. 


PERIODICALS, SERIALS, etc. 

American G<*oIogist.— -Vol. XVI, Nos. 3-4. 8® Minneapolis, 1895, 

„ Journal of Science. Vol. L, Nos, 297-299. 8® New Haven, 1895. 

The Editor. 

„ Naturalist. Vol. XXIX, Nos. 34S-347* 8" Philadelphia, 1895. 

Annalen der Physik und Chemie, Neue Folge, Band LVI, heft j-3. 8“ Leipzig, 1893, 
Annals and Magazine of Natural History. Vol. XVI, Nos. 93 ~ 9 S» 8® London, 1895. 
Annuaire Geologique Universal. Tome X, fasc. 4. 8® Paris, 1895. The Editor. 
Athenaeum. Nos. 3541-3553* 4" London, 1895. 

Bdbl&tter zu den Annalen der PhyMk und Chemie, Band XIX, Nos. 9-10. 8® Ldpxig, 

1895. 
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Titles of Books. Donors. 

Chemical News. Vol. LXXII, Nos. 1867-1879. 4“ London, 1895. 

Colliery Guardian. Vol. LXX, Nos. i8iO"i822. Fol. London, 1895* 

Geological Magazine. New series. Decade IV, Vol. II, Nos. g-li, 8" Lotdon, 1895. 
Glacialists* Magazine. Vol. 11 , No. 6. 8® London, 1895. 

Industries and Iron. Vol. XIX, Nos. 1182-1194. 4® London, 1895. 

Journal of Geology, Vol. HI, Nos. 5-7. 8" Chicago, 1895. 

London, Edinburgh, and Dublin Philosophical Magazine, and Journal of Science. Vol . 

XL, Nos. 244-246. 8® London, 1895. 

Mining Journal. Vol. LXV, Nos. 3132—3144, Fol. London, 1895. 

Natural Science. Vol. VII, Nos. 44—46, 8® London, 1895. 

Nature. Vol. LII, Nos. 1349—1361. 4® London, 1895. 

Neues Jahrbuch Mr Mineralogie, Geologie und Paleontologie. Band II, heft 2j and 
Beilage — Band X, heft i. 8® Stuttgart, 1895. 

Palaeontographica. Band XLI, lief. 5—6, and XLII, bef. 4—5. 4® Stuttgart, 1895. 
Pelermann’s Geographischer Mittheilungen. Band XLI, Nos. 9—10. 4® Gotha, 
1895. The Editor. 

Scientific American. Vol. LXXIII,Nos. 8—20. Fol, New York, 1895. 

»> ,) Supplement. Vol. XL, Nos. 1025—1037. Fol., New York, 

1895. 

The Indian and Eastern Engineer. Vol. XXIV, Nos. 441—453. Fol., Calcutta, 1895. 

The Editor. 

Tschermak’s Mineralogische und Petrographische Mittheilungen. Band XIV, heft 
6, and XV, heft 1—2. 8" Wien, 1895. 

Zeitschrift fiir Krystallographie und Mineralogie. Band XXV, heft 2—3. 8® Leipzig, 
1895. 

„ „ praktischc Geologie. Heft 9— 11. 8” Berlin, 1895* 


GOVERNMENT SELECTIONS, REPORTS, etc; 

Bombay.— Agricultural Ledger, 1895. Nos. 5—6. 8° Bombay, 1895. 

Bombay Government. 

„ Selections from the Records of the Bombay Government. New series, Nos. 
292—293, 29s, and 300 — 304. Fisc,, Bombay, 1895. 

Bombay Government. 

India.— Agricultural Ledger. Nos. 5 and 12 (1894); and Nos. 7—14, 16—17, and >9 
(.^895)* 8° Calcutta, 1894-1895. Government op India. 

„ Annual statement of the Trade and Na-rigation of British India with Foreign 
countries and of the coasting trade of the several Presidencies and 
Provinces in the year ending 31st March 1895, Vols. 1 , and II, No. 
29. 4® Calcutta, 1895. Government op India. 

„ Government of India Civil Budget Estimate for 1895-96, Fisc. Calcutta, 1895. 

Government op India. 

„ History of services of Officers holding gazetted appointments in the Home, 
Foreign, Revenue and Agricultural and Legislative Departments, 
corrected to 1st July 1895. 8® Calcutta, 1895. 

Government or India, 
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Titles of Boohs. Donors. 

Insu.— ‘L ist of Civil Officers holding gazetted appointments tinder the Government of 
India in the Home, Legislative, Foreign, and Revenue and Agricul- 
tuial Departments, corrected to ist July 1895. 8" Calcutta, 1895. 

Home Department. 

„ List of Officers of the Geological Survey of India, corrected to ist July 1894, and 
1st January and ist July 1895. 8° Calcutta, 189401895. 

Government of India, 

„ List of Officers in the Survey and other Scientific and Minor Departments, sub- 
ordinate to the Government of India in the Department of Revenue 
and Agriculture, corrected to ist July 1893, 1894 and 1895. 8® 
Calcutta, 1893-1895. Government of India. 

Indian Meteorological Memoirs. Vol. V, pt. 10 j VI, pt. 2 j VII, pt. 4, and IX> 
pt. 1. 4^ Simla, 1895. 

M BTEORO 1.001CAL Reporter to Government of India. 

,, Monthly Weather Review. May to July 1895. 4° Calcutta, 1895. 

Meteorological Reporter to Government of India. 

„ Report on the administration of the Meteorological Department of the Govern- 
ment of India for 1894-95. 4° Calcutta, 1893. 

Meteorological Reporter to Government of India. 

„ Selections from the Records of the Government of India, Foreign Department, 
Nos. 319 — 320 and 322. Fisc. Calcutta, 1895. 

Foreign Department. 

Madras.— Manual of the North Arcot District. Vols. 1 — 11 . 8® Madras, 1894-1895. 

Madras Government. 

„ Manual of the South Canara District. Vols. I— II. 8* Madras, 1894*1895. 

Madras Government. 


TRANSACTIONS, PROCEEDINGS, etc., op SOCIETIES, SURVEYS, etc. 

Albany.— Annual Report of the Now York State Museum for 1893, 8® Albany, 1895, 

The Museum. 

Baltimore.— Johns Hopkins University Circulars. Vol. XV, No. 121. 4“ Baltimore^ 
1895. Johns Hopkins University, 

Batavia.— Natuurkundig Tijdschrift voor Nederlandsch— Indie. Deel LIV, 4® Batavia, 
1895, Batavian Society. 

Berlin.— Abhandl ungen der Koniglich Preussischen Geologischen Landes-anstalt, 
Neue Folge, heft 16, and atlas. 8“ and 4® Berlin, 1893. 

The Institute, 

„ Verhandlungen der Gesellschaft fflr Erdkunde zu Berlin. Band XXII, No. 7 
8® Berlin, 1895. 

„ Zeilschrift der Geseltschaft fiip Erdkunde zu Berlin. Vols. I — XXIX. 8* 
Berlin, 1866 — 1894. 

„ Zeitschrift der Deutsohen Geologischen Gesellschaft. Band XLVII, heft a. 

8° Berlin, 1895* The Society, 
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Titles Books. Donors, 

BoRDBAUx.'-Actes de la Socidtd Linn^enne de Bordeaux, b^rie V, Tome VI. 8®« 
Bordeaux, 1893. Tub Society. 

Breslau. — Jahres-Bericht der Schlesischen Gesellschaft fur vaterlandische cultur. No. 

72, and supplement heft, 3. 8* Breslau, 1895. The Society. 

Brisbane. — Proceedings and Transactions of the Queensland Branch of the Royal 
Geographical Society of Australasia. Vol. X. 8° Brisbane, 1895. 

The Society. 

Brussels. — Annuaire de L’acad^mie Royale des Sciences, des Lettres et des Beaux— 
Arts de Belgique. 1894 and 1893. 8“ Bruxelles, 1894-1895, 

The Academy. 

Bulletins de L’ Academic Royale des Sciences, des Lettres et des Beaux-Arts 
de Belgique. 3tne stfrie. Tome XXVI to XXIX. 8° Bruxelles, 1893— 
1895. The Academy. 

„ Mdmoires Couronn^s et autres Mdraoires publies par L* Academic Ro\ ale des 
Sciences, des Lettres et des Beaux-Arts de Belgique. Tome XLVII, L, 
and LI. 8“ Bruxelles, 1892-1893. The Academy. 

», M 4 moires Couronn^s et M^moires des Savants Etrangers Publies par L* 
Academic Royale des Sciences, des Lettres et des Beaux-Aits de 
Belgique. Tome LIII. 4® Bmxdles, 1894. The Academy. 

» Mdmoires de L’Academie Royale des Sciences, des Lettres el des Beaux- 
Arts de Belgpque. Tome LI and LII. 4® Bruxelles, 1893-1894. 

The Academy. 

,, Bulletin de la SociA6 Royale Beige de G^ographie, Annee XIX, Nos. 2-3. 

8® Bruxelles, 1895. The Society. 

Budapest.— Term^szetrajxi Fdzetek. Vol, XVIII, pts. 3-4, 8® Budapest, 1895. 

Hungarian National Museum. 
Buenos Aires,— Boletin de la Academia National deCiencias en Cordoba. Tome XIV 
No, a. 8® Buenos Aires, 1894. The Academy. 

Caen.— B ulletin de la Socidtd Linneinne de Normandie. 4me s^rie^ Vol. IX, fasc. i. 

8® Caen, 1894. Xhb Society. 

Calcutta.— Journal of the Asiatic Society of Bengal. Vol. LXI V, Part I, No. a. 8® 
Calcutta, 1895. Xhb Society. 

,, Proceedings of the Asiatic Society of Bengal. Nos. 7-8. 8° Calcutta, 
*895* Xhb Society. 

,, Proceedings of the Agricultural and Horticultural Society of India. Vol. 

X. 8® Calcutta, 1895. Xhb Society, 

„ Memoirs of the Geological Survey of India. Vol. XXVH, pt. i. 8“ 

Calcutta, 1895, Gbolooical Survey op India. 

n Palaontologia Indica. Ser. XIII, Vol. 11, pt i ; and XV, Vol. 11, pt. a. 

4 Calcutta, 1895. Geolooigal Survey op India, 

,) Quarterly notes of the Geological Survey of India. Nos. 1-4. Fisc. 

Calcutta, 1895, Gbolooical Survey op India* 

n Records of the Geological Survey of India. Vol. XXVIII, pt 4. 8® 
Calcutta, 1893, Gbolooical Survey op India, 
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Tiilei of Boohs, Donors* 

Calciot*.— R eport on the Inspection of Mines in India for the year ending 30th June 

1594. By James Grundy. Fisc. Calcutta. 1894. 

Gsologicai. Survey of India. 

Report on the Inspection of the Gold Mines in the Mysore State, South 
India; from August to November 1894. By James Giundy. Fisc. 
Calcutta, 1895. Geological Survey of India. 

„ Report on the Inspection of the Mohpani, U maria and Warora Collieries. 
By James Grundy. Fisc. Calcutta, 1895. 

Gbolooical Survey op India. 

5, Survey of India Department Notes for September 1894, and August to 
October 1895. Fisc. Calcutta, 1895. 

Survey op India Department. 

„ University of Calcutta, Minutes for the year i894>95. 8*^ Calcutta, 1893. 

The University. 

CAMBRiDOB.'-Proceedings of the Cambridge Philosophical Society. Vol. VIII, pt. 5. 

8° Cambridge, 1895. The Society. 

Cambridge, Mass.— Bulletin of the Museum of Comparative Zoology. Vol. XXVII., 
Nos. 2-5, Cambridge, Mass., 1895. The Museum. 

Canada.— Journal and Proceedings of the Hamilton Association. No, ii. 8° Canada, 
1893. The Association, 

Debra Dun.— Spiritdevelled Heights, Karachi and its neighbourhood, season i893>94. 

and No. 8, Central Provinces and Orissa, season iSgi-gs and 1893-94 
8“ Dehra Dun, 1895. Great Trigonometrical Survey. 

Des Moines. — Iowa Geological Survey. Vol. Ill, and Annual Report, 1893. 4 ** 
Des Moines, 1895. The Survey. 

Dresden,- Sitzungsberichte und Abhandlungen der Naturwissenschaftlichen Gesel^< 
schaft. Isis in Dresden. Jahrg. 1895, January to June. 8® Dresden, 

1595, Society. 

Edinburgh.— Scottish Geographical Magazine. Vol. XI, Nos. 9-II. 8® Edinburgh, 

1895. The Society. 

Geneva.— Mimoires de la Socidtd do Physique et d*Hist6ire Naturclle. Tome 
XXXII. 4® GenSve, 1894-1895, The Society. 

Halle,— Geschichte der Bibliothek und Naturaliensaramlung der Kais. Leop,— Carol. 
Deutschen Akad. der Naturforscher, 8® Halle, 1894. 

The Academy, 

„ Katalog der Bibliothek der Kais. Leop, -Carol. Deutschen Akad. der Naturfop- 
scher, Band II, heft a. 8° Hall^ 1894. The Academy. 

„ Leopoldina. Heft XXX. 4® Hatte, 1894. The Academy. 

« Nova Acta Academiae Caesarese Leopoldina CaroHnse Germanicae Naturae 
Curiosorum. Band LXl and LXII. 4® Halle, 1894. 

The Academy.. 

,, Repertorlum zuden Acta und Nova Acta der Kais. Leop.-Carol. Deutschen 
Akad. der Naturforscher, Band I. 4® Halle, 1894. 

The Academy. 

Lau«annb,— bulletin de la Soci 4 t£ Vaudoise des Sciences Naturelles, Series lU, VoU 
XXXI, No, 117. 8® Lawanne, 1895. Vaudoise Society 
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Titles of Books. Donor 

LidoB — Annales de la Socidt^ Glologique de Belgique. Tome XXII, liv. 2. 4° Liege 
1895. The Socijsnr. 

London —Brief Index of the papers contained in the Journal of the Iron and Steel 
Institute, 1869—1894. 8“ London, 1895. Thb Institotb. 

„ Journal of the Iron and Steel Institute. Vol. XLVI, No. 2. 8® London, 
1894. The IssTiTaxB. 

The Geographical Journal. Vol. VI, Nos. 4-5, 8® I.ondon, 1895. 

The Society. 

Journal of the Chemical Society. Nos, 394*396, 8° L.ondon, 1895. 

Journal of the Linnean Society. Zoology, Vol. XXV, Nos. 158-1601 and 
Botany, Vol. XXX, Nos. 209-210. 8° London. 1894-1895. 

The Society. 

List of FelloMvs of the Linnean Society of London, 1894-95, 8® London, 1894. 

The Society. 

Proceedings of the Linnean Society from November 1893 to June 1894. 8* 
London, 1895. The Society. 

Transactions of the Linnean Society. 2nd series, Botany, Vol. IV,, pt 2 ; 
and Zoology, Vol. V, pt. i, and VI, pt, 3. 4“ London, 1895. 

The Society. 

Journal of the Society of Arts, Vol. XLIII , Nos. 2233—2245. 8® London* 
189s. The Society. 

Philosophical Transactions of ihe Royal Society. Vol, 185, A and B., Parts 
1 & II., with List of Fellows. 4® London. 1895. The Society, 

Proceedings of the Royal Society. Vol. LVII, No. 344 to LVIII, No. 351. 

8® London, 1895, The Society, 

Proceedings of the Zoological Society of London, Part 11. 8® London, 1893. 

The Society 

„ Quarterly Journal of the Geological Society. Vol. LI, Part 4, No. 204, 
8® London, 1895. The Society. 

Madrid. — M6morlas de la Real Academia de Ciencias Fxactas, Fisicas y Naturales de 
Madild. Tome XVI. 8® Madrid, 1895. The Academy. 

Manchester. — Memoirs and Proceedings of the Manchester Literary and Philosophi- 
cal Society. 4th series, Vol. IX, Nos. 3 — 6. 8® Manchester, 1894-1895. 

The Society. 

Mbebournb.— Proceedings of the Royal Society of Victoria. Vol. VII. 8® Melbourne, 
1895. The Society. 

» Department of Mines, Victoria. Special reports issued under authority 
of the Minister of Mines. Fisc., Melbourne, 1895. 

Mining Defartment, Victoria. 

Moscow.— Bulletin de la Soci 4 td Imp6riale des Naturalistes de Moscou. Anned, 1895. 

No. 2. 8® Moscou, 1895. The Society. 

Munich.— Sitzungsberichte der Mathematisch-physkalischen classe der K.b. Akademie 
der Wissenschaften. Heft 11 8® Mfinchen, 1893 The Academy* 

Naples.— Rendiconto dell* Accademia delle Scienze, Fisiche e Matematiche, Series III, 
Vol. 1, fasc. 8—10, 8" Napoli, 1895. The Academy, 
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Titles of Boohs, Donors. 

Newcastlb-upon-Ttne — Report of the Proceedings of the Flameless Explosives 
Committee of the North of England Institute of Mining and Mecha- 
nical Engineers. Part 2. 8® Newcastle-upon*Tynej i8gs. 

Tjas Ihstituif. 

„ Transactions of the North of England Institute of Mining and Mecha- 
cal Engineers. Vol. XLIV, part 4, and appendix. 8° Newcastle- 
upon-Tyne, 1895* The Institute. 

A 

N EW H AVBN.— Transactions of the Connecticut Academy of Arts and Sciences. Vol. IX, 
pait 2. 8® New Haven, 1895, The Academy. 

Ottawa .—Geological Survey of Canada, Paloeozoic Fossils, Vol. Ill, part s, 
8® Ottawa, 1895. The Survey. 

„ Proceedings and Transactions of the Royal Society of Canada. Vol. XII. 

8® Ottawa, 1894. The Society. 

Paris.— Annales des Mines. 9 “« serK, Tome VII, Hvr. 5—8. 8® Paris, 1893. 

DsFAETMEMr OF MtMES, PARIS, 

„ Bulletin de le SocidtS de Gdographie. 7®e serid. Tome XVI, No. g 8® 
Paris, 1893. The Society. 

„ Bulletin de la Societd G 4 oIogique de France. 3w>e send. Tome XXII. 

No, 10, and XXIII, Nos. 2 — 6, 8® Paris, 1895. The Society. 

„ Mdmoires de la Socidtd Gdologique de France, Paldontologie, Tome V, 
fasc., I — ^3. 4® Paris, 1893. ’The Society, 

„ Bulletin du Museum d* Historic Naturelle. No. 6. 8® Paris, 1895. 

The Museum. 

Phiiadblpiiia. — Journal of the Academy of Natural Sciences, and series, Vol, IX, 
part 4. 4® Philadelphia, 1895. The Academy. 

„ Proceedings of the Academy of Natural Sciences. Part I. 8" Phila- 
delphia, 1895. Tbs Academy. 

„ Journal of the Franklin Institute. Vol. CXL, Nos. 837—839, 8® Phila- 
delphia, 1895. The Institute. 

„ proceedings of the American Philosophical Society. Vol. XXXIV, 

No. 147. 8® Philadelphia, 1895. The Society, 

„ Transactions of the American Philosophical Society. New series, Vol. 
XVIII, part 2, 4® Philadelphia, 1895* The Society. 

Rochester.— Bulletin of the Geological Society of America, Vol, VI. 8° Rochester, 
i® 9 S* The Society. 

Rome. — Atti della Reale Accademla dei Lincei. Rendiconti, Sdrre V, Semestre II, Vol* 
IV, fasc., 4—9. 8® Roma, 1895. The Academy. 

„ R* Ulficio Geologico. Mdmorie Descritllve ddla carta Geologica d'ltalia. Vol. 

IX, 8" Roma, 1895, Geolosical Survey of Itaey* 

Salem.— Proceedings of the American Association for the Advancement of Science, 
Vol, XLIII. 8® Salem, 1893. The Association. 

San Francisco.— Memoirs of the Califortua Academy of Sciences. Vol. II, No, 4* 
4® San Francisco, 1895. The Academy. 
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San Francisco. — Proceedings of the California Academy of Sciences* and series, Vol, 
IV, part 2. 8° San Fransisco, 1893. Thb Academy. 

Stockholm. — Ofversigt af Kongl. Vetenskaps Akademiens Forhandlingar. Vol. LI. 

S' Stockholm, 1895. The Academy. 

St. Pbtersburo. — Biilletin de U Academie Imperiale des Sciences de St. Petersbourg. 

S6rie V, Tome II, No, 5. 8*^ St. Petersbourg, 1895. The Academy. 

„ Bulletins du Comit6 Geologique. Vol. XHl, Nos. 8 — 9, and XIV, 

Nos. I— 3. 8“ St. Petersbourg, 1895. The Commission. 

„ M^moires du Comitd Geologique. Vol. IX, No . 4 ; X, No. 3 5 and 

XIV, No. 3. 4° St. Petersbourg, 1895. The Commission. 

Sydney,— Memoirs of the Geological Survey of New South Wales. Palaeontology, 
No. 9. 4® Sydney, 1893. The Survey. 

„ Records of the Geological Survey of New South Wales. Vol. IV, No. 4. 

8® Sydney, 1893. The Survey. 

„ Proceedings of the Linnean Society of New South Wales. 2nd series, Vol. X, 
parts I — 2. 8® Sydney, 1895. The Society. 

„ Records of the Australian Museum. Vol. II, No. 6. 8® Sydney, 1895. 

The Museum. 

T0K.10.— Mittheilungen der Deutschen Gesellschaft fiir Natur und Volkerkunde 
Oslasiens in Tokio. Band VI, Supplement heft 2 j and heft 56. 4® 
Tokio, 1895. The Society. 

Turin. — Atti della R. Accademia delle Scienze di Torino, Vol. XXX, disp. 3 — n, 
8® Torino, 1803, The Academy. 

w Osservazioni Meteorologiche fatte nelPanno 1894 all* Osservatorio della R. 

Universitadi Torino. 8® Torino, 1895. The University. 

Vienna.— Verhandlungen der K, K, Geologischen Rdchsanstalt. Nos. 8—9. 8" Wien 
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On some Igneous Rocks from the Tochi Valley ; by H. H. Hayden, B. E., 
Assts$ant Superintendent^ Geological Survey of Indiu* 

The specimens about to be described form part of a collection made in Wazir- 
istan by Mr. Smith, of the Geological Survey of India. They are, to a great extent, 
derived from dykes and intrusions occurring among the tertiary beds of the Tochi 
Valley,^ and represent a very fine series of varying texture and basicity, ranging 
from a compact and glassy prophyrite, through trachyte, basalt, dolerite and gabbro 
to serpentine and bronzitite. 

They have all undergone a considerable amount of alteration, which is par- 
ticularly noticeable in the gabbros, the felspar of which has in many cases become 
saussuritic, while the dolerites furnish examples of every stage in the conver- 
sion of augite into hornblende. Evidence of dynamo-metamorphic action, also, is 
abundant ; the crushing and shearing of the serpentines, the foliation of some of 
the gabbros, with the brecciation of their constituent minerals, all bearing witness to 
the pressure to which these rocks have been subjected. 

The specimens consist of two sets, vis., (i) a series collected in situ , in the 
neighbourhood of the tertiary beds, and composed of igneous rocks, with baked 
and altered shales and fault-breccias, and (a) a number of specimens found in the 
bed of the Tochi river, b«ng chiefly portions of idled and waterworn pebbles of 
the above igneous rocks, with some mica-schist and altered limestone, 

Of the igneous rocks, the serpentines and gabbros are the most numerous, as 

Serpentiae. varied in composition. As a rule, the 

^ * serpentines are of a more or less uniform dark green 

colour ; at times, however, they show spots of a translucent, very pale apple-green 
to greenish-white serpentine. Their hardness varies from 3I to 4J, and their 
specific gravity from 3'49 to 2*76, this latter value being given by a specimen with 
many of the light spots already mentioned. 

Under the microscope, the serpentine is seen to vary considerably, some 

portions showmg the mesh-structure characteristic of 
Microwo^pic^chaidctew. olivine, while others may be seen to have arisen from the 

alteration of pyroxene and amphibole. In some cases the 
rock has evidently undergone much pressure, the seipentine fibies being bent, 

^ See Secordtf G, /•, Vol. XXVIIIi, p. 109. 
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General characters. 


twisted nnd fringed at the ends, while in places they have been broken through and 
faulted, one part having been shifted past the other. 

The serpentine varies from pale greenish-yellow to colourless, and is frequently 
intersected by clear bands of picrolile, which mineral may also be recognised 
on the outer surface of some of the hand-specimens. 

The chief accessory minerals found in these rocks include olivine, augite, 
. enstatite, ba&tite, hornblende, and magnetite, the bastite 
Accessory mmera s, tJnnes occurring in large and brilliantly lustrous plates 

scattered throughout the rock. Several sections of an isotropic mineral, of a rich 
brown colour by transmitted light, represent chromite or picotite. 

The olivine is usually in an advanced stage of serpentinisation, being cracked 
^ . and altered, while the cracks are filled with serpentine and 

General characters. , ... vt t.i i j i. .• j 

dust-hke magnetite. No. It has already been mentioned 

that one of the specimens has a higher specific gravity than the rest, vta,, 276. In 

the hand-specimen, the rock has a somewhat mottled appearance, consisting of a 

dark groundmass with large pale-green to greenish-while spots. The mineral of 

these spots is somewhat harder than the remainder of the rock, for it is found to 

scratch fluor spar, its hardness being therefore higher than degree 4. 

Under the microscope, the rock is seen to consist almost entirely of serpentine, 

of which the greater part has been derived from olivine ; 
Micro|copic characters. considerable quantity, however, has arisen from the altera- 
tion of enstatite. 

Some unaltered enstatite still remains, one large crystal being especially 
. noticeable, owing to the fact that it polarises in patches of 

Enstatite. effect is evidently due to brecciation, 

the crystal affording evidence of having been broken up, for veins of serpentine run 
through it, while portions of the enstatite may be seen scattered, in the forms of 
strings and veins throughout the surrounding serpentine. 

A few large crystals of a green augite may be seen, while a considerable quantity 
. . of amphibole is also present. Of the latter mineral there are 

two varieties, both of which are monoclinic. Of these, the first 
is a common brown hornblende, with fairly strong pleochroism. The second variety 
Am hibole Occurs in strings and small isolated, but broken crystals. 

It is highly pleochroic, the colours ranging through violet, 
greenish-blue and blue to greenish-yellow, and in some cases pale yellow. No 
cross-sections with well-defined outlines could be detected ; a few imperfect cross- 
secticns of the prism, however, occur. In these, the cleavage cracks parallel to 
(no) intersect at angles of 123'’^ to 124% Vertical sections also occur giving very 
low extinction angles, vie,, 4®J — 6°. The above characters point to the fact that this 
mineral is glaucophane, the pleochroism strongly resembling that of glaucophane, 
as figured by Teall in his “ British Putrography, rays vibrating parallel to a 
giving yellow lo greenish-yellow, those parallel to 0 violet and those parallel to 
7 blue. 

Magnetite is. almost entirely absent, a very few small grains occurring in the 

,, hornblende. 

Magnetite. 


Microscopic ebameters. 
Serpentine. 

Some unaltered 
Enstatite. 


Augite. 


’ See J, J. Harris Teali, Brifiah Petrography, PI. XLVIX, flg. a. 
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Gablro. — ^The''gabbros are as well represented as the serpentines, but are con- 
siderably more vaiied in composition, the forms without olivine being the most 
numerous. Olhine-gabbros, however, also occur, and include a very good specimen 
Troktolitc “ forellenstein,” the troktolite of von^Lasaulx.^ This 

specimen was found in the bed of the Tochi river, and is 
a portion of a rolled pebble. A rock of very similar composition,’’ however, occurs 
in situ between Dotoi and Sheranni. The specimen from the Tochi river — No. — 

is composed of a bluish-grey felspar, in which are set the numerous daik, rounded 
patches of olivine. Its specific gravity is rather low, being only 2*80 : this how- 
ever, is due to the fact that the rock has undergone very considerable alteration. 

Under the microscope, it is seen to be composed chiefly of plagioclase and 

Miorosoopic ch^acter,. of secondary 

origin or very subordinate in quantity. These include 

enstatite, augite, diallage, hornblende, bastite, epidote, serpentine and magnetite. 

The plagioclase occurs in large irregular rounded crystals, giving clear sections 

and broad lamellar twins. Referred to the plane of compo- 
e spar. sition, the twin-lamellae give extinction angles of 49® and 

upwards, while sections showing either basal or brach)-pinacoidal cleavage give 
high angles of 37° and 38°. These characters indicate that the felspar is anoithite. 

As a rule, this anorthite is fairly fresh, except in the neighbouihood of the 
olivine crystals, Wheie it surrounds that mineral, it is penerated by a series of 
branching fissures, radiating from the olivine ci) stals and filled with decomposi- 
tion products.^ In other cases, however, it has a tendency to become saussuritic, 
with the development of grains and strings of epidote. 

The olivine occurs in large crystals, either colouiless or brovinish-yelluw, and 
Olivine many stages of alteration. In some cases 

it is fairly fresh, being merely intersected by cracks filled 
with serpentine and dusty magnetite; in the majority of cases, however, it is con- 
siderably altered. This' alteration takes chiefly three different forms : 

1. Into serpentine. 

2. The olivine crystal has become to a great extent converted into a felt of 
fine hornblende needles, with some serpentine and magnetite = ptlite (Becke). 

3. All except the centie of the crystal has been converted into uornblende and 
magnetite. In this case, however, we do not find the typical reaction zones 
between the olivine and the felspar ; the usual colourless inner zone being entirely 
absent, while the hornblende is a confused mass of plates and fibres surrounding 
and penetrating the still unaltered portion of the olivine crystal, and even scattered 
through the neighbouring felspar. lu cases of still further alteration, almost, if not 
quite the entire crystal of olivine has disappeared, and been replaced by a brecciated 
mass of hornblende fragments. This hornblende is often colourless in section, 
but is at times of a very pale green colour, in which case it is slightly pleochioic. 
It would therefore appear from the above facts, that the customarj’ reaction zones 
had originally formed round the olivine, where that mineral adjoined the felspar; the 
rock then underwent dynamo-metamorphism, — a fact which is also borne witness to 

' Von Lasaulx ; Elemente der Petrographie, p, 315, 

^ See [odd. On the gabbros, dolerites and basalts of tertiary age in Scotland aod 
I reland. Quatt. ^ovrn. Gtol. See , Feb. 1&86, Vol. XLII, p. 86, and Plate VII, fig 7. 



66 


Records of the Geological Survey oj India. [VOL. XXiX. 


Rhombic pyroxene. 


by the traces of foliation in the hand specimen — , the zones thus becoming broken 
up into a confused breccia of hornblende with some felspar fragments. In other 
cases, the synthetic twinning of the hornblende also gives evidence of the pressure 
that the rock has undergone. 

The remaining minerals in the rock include a pale green augite, which is 

highly ophitic, in some cases extinguishing simultaneously 
throughout the whole slide. 

A considerable quantity of enstatite is also present and may often be seen 

passing into bastite, while epidote, calcite and magnetite 
R om c pyroxene. among the secondary minerals, the last-named how- 

Sccondary minerals. being in a few cases apparently one of the original 

constituents, 

A very similar result of the great pressure to which all these rocks have been 
subjected, is strikingly illustrated by a specimen of gabbro (No. from the 
Tochi river. This rock appears to have been originally composed of plagioclase 
and augite : the augite is now represented by diallage, veiy highly schillerized 
and invariably surrounded by a zone of highly pleochroic green hornblende, which 
mineral has in many cases replaced the greater part of the diallage. This horn- 
blende has again been broken up into a mosaic of pleochroic fragments, and is 
often to be seen intermingled with the felspar, and containing a considerable 
quantity of magnetite. 

The olivine-frce gabbros are very nnmerous and occur in many stages of altera- 

Gabbro without olivine. majority, however, are much altered, the felspar 

having become saussuritic. This saussuritc is chiefly of two 
kinds: (i) an indistinct, greyish mass, containing and often to a great extent com- 
posed of grains and, at times, laige crystals of zoisitc— No. ■ and (2) a clear 
groundmass of albile in which arc scattered numerous grains and long prismatic 
crystals of epidote — No. j a form of alteration first recognised by Cathrein.' 

The diallage also has to a great extent passed into a green hornblende, which 
usually shows the effect of metamorphism. 

The freshest specimen — No. -is part of a pebble fiom the Tochi river-bed, 

Felspar. contains felspar, enstatite, diallage, hornblende, 

magnetite and some epidote. The felspar, which is labra- 
dorite, is wonderfully fresh, only in a few cases showing signs of the formation Of 
epidote. 

The diallage ocenrs in large quantity and is usually surrounded by an alleration- 
Diallage. hornblende, or else entirely converted into thal 

mineral. The hornblende Is both uraliiic and actinolitic, 
Hornblende. the pleochroism of ihe latter giving green, brownish-green 
and bluish. Fibres may also be seen running along the cracks and twinning 
planes of the felspar. A considerable quantity of magnetite occurs in the hom- 
Magnetite, blende. Under the microscope, this rock very strongly 

resembles the homblende-gabbro of Crousa Down in Corn- 
wall, figured by Teal! in his British Petrography," PI. XVIII, fig. >. 


Gabbro without olivine. 


Diallage. 

Hornblende. 


Magnetite. 


> CsAbteln. Ueber Sanssoiit. ZeiUeht fiit Krysi., 1883, Bd. VII, 234, also Teall, British 
Petrography, p. 149 H Seg. 
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Glaucophane. 


Of the remaining gabbros, only one calls for special mention. This rock 

—No. — consists of pseudomorphs after felspar, and 
quantities o£ monoclinic pyroxene (augite and 
diallage), with their alteration-products. The chief interest 
of the rock centres in the pyroxene. Under the microscope it is seen to be 

considerably altered; in a few places being converted into 
^ * patches of biown hornblende ; in most cases, however, the 

crystals are sturounded by a border of a clear blue mineral, which also runs along 

the cracks in the pyroxene and occurs in rods and patches 
in the neighbourhood of that mineral. It is highly pleo- 
chroic, giving violet, pale yellow and a clear sky-blue. On vertical sections, the 
angle of extinction is very small, not rising above 3° or 4°. This mineral is there- 
fore glaucophane, and as in the gabbros of Attica,^ is, together with the brown 
hornblende, an altenition-produci of the diallage. 

Doleriie.'-^lo. the hand-specimens, the dolerites appear fairly compact, and are of 
a gieenish-grey colour, with a specific gravity ranging from 2*84 to 2*87. 

They aie chiefly composed of plagioclase and augite with their respective 
alteration products. They are, in all cases, much altered, and contain numerous 
secondary mineials, such as epidote, leucoxene, calcite, etc., with much micropeg- 
matite, and at times appear under the microscope to be merely a mass of decompo- 
sition-products. * 

The least altered of these rocks— No. — consists of a triclinic felspar, 

Constituent minerals enstatite, hornblende, apatite, magnetite and ilme- 

nite. 

The felspar is much altered and often converted into saussurite with the deve- 
p lopment of epidote. It shows, however, the broad lamellar 

twinning characteristic of labradorile. 

The augite is usually pale green ; but in the least altered specimen a consider- 
able quantity of colourless augite occurs in the form of 
small crystals and fragments, frequently twinned, but it is 
more often to be seen passing into hornblende or into pale green structureless 
virtdiie, with no apparent cleavage, but which ultimately passes into uralite 
or into chlorite.* - 

Ilmenite occurs in considerable quantity, some of the crystals showing signs of 
,, alteration into leucoxene. 

Two other specimens, viz , No. from Dotoi, and No. from Insar Kach, 

Altered dolerite possibly be further stages in the alteration of the 

re 0 ert e. the whole of the augite has passed 

into viridite^ and into a highly coloured brown hornblende, which surrounds, or 
occasionally occurs in patches in, the viridite, this latter passing into hornblende, 
and both being intimately connected with one another, As in the gabbros, stgns 
of considerable dynamo-metamorphic action may be seen in this specimen, the 
hornblende being crashed and squeezed out into acicular rods and often scattered 
through the felspar. The large quantity of this mineral is very striking, and were 

• See Zirke! Lehibach der Patrographie. 1894. Bd. Ill, p. 787 ; aliO Bd. I, p. 310. 

* See Judd. loo. eit.f p, 8s. 


Augite. 
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it not for the presence of labradorite in place of oligoclase, the rock might be more 
properly classed as a diorite. 

Much epidote occurs in the felspar, which is rapidly becoming saussuritic and 

times schillerized. 

Epidote. Leucoxene and sphene also occur, no unaltered 

Leucozene. ilmenite remaining. 

Basalt , — The volcanic type of the basic rocks is represented by a specimen of 
amygdaloidal basalt— No. ^ — which was found in the bed of the Tochi river. 
In the hand-specimen this rock shows white amygdaloids of calcite and 
zeolites, while a considerable quantity of porphyritic augite occurs. The ground- 

mass consists of innumerable small crystals of augite 
Microscopic characters. apatite, with magnetite, decomposed plagioclase and 

brown glass. The augite, however, is by far the most important constituent. 
On rotation of the polariser, the rock is also seen to conUin numerous flakes and 
fibres of a brown pleochroic mineral, which, under a high power, proves to be a 
dark mica; it occurs in flakes, as a rule without well-defined outlines. In addition 
to the above minerals, some secondary hornblende occurs, arising from the alter- 
ation of the augite. ^ j . 

The amygdaloidal cavities contain calcite and a zeolite, and their forrA 
indicates that these minerals are pseudomorphs after olivine and felspar, of which 
tSnroatlines hav, b«n rLned. In onn casn, eveb the cleavt«e of the 
olivine appears to have been preserved, although that mineral has been replaced 
bv calcite All the porphyritic felspars and olivines, however, have been replaced, 
the only remaining felspar being the small decomposed crystals in the groundmass. 

The augite is of the usual type, being frequently twinned and beautifully 


“"rrW't.-No T'.V-This is a compact light bluish-grey rock, with a 
specific gravity of 2*60. It was obtained from a spot one mile to the west of Pakki 
Kot and is of subsequent date to the accompanying shales, into which it has been 
intruded and which are burnt and altered at the junction. In the hand- 
snecimen it appears to consist of a grey lithoidal groundmass, through which are 
scattered ’numerous small white crystals of felspar, some occurring in groups of 
small individuals, while other larger crystals occur singly. 

Under the microscope, the rock is seen to be composed of a fine microscopic 
gtoundmass of felspar microlities, in which are embedded porphyritic crystals 
of plagioclase and sanidine. The plagioclases are much the smaller, and occur as 
^ a rule in groups, the crystals showing broad lamellar twin- 

Plagioclase. They are considerably altered, thus constrasting with 

the beautifully clear pellucid crystals of sanidine, which have idiomorphic outlines 

and are quite fresh, with but few inclusions. No ferro- 
magnesian minerals can be detected, the rock being 


Sanidine. 


composed merely of felspar with a large quantity of magnetite. 

The remaining igneous rocks include specimens of porphyrite, diabase, 

bronzitite, bronzite-hypersthene rock and a rock composed 
Bronzite-hypefsthone of fibrous actiiiolite. The bronzite-hypersthene rock is 

composed of very large crystals of those minerals, some 
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Cala<t)i ne-Smithsonite, 


of the individuals measuring as much as two inches across. This specimen 
comes from the hills to the north-west of Sheianni, while a specimen of bronzitite 

which is of finer texture, and is composed entirely of bronzite 
Bronzite. some magnetite was found in the bed of the Tochi 

liver. 

An interesting rock, also, comes from the river to the east of Dotoi. This is a 

heavy, green crystalline rock, of hardness =s 5, or slightly 
higher, and a specific gravity of 3’25. It bears a strong 
resemblance, in the hand-specimen, to dunite, but under the microscope it is found 
to contain no olivine, while chemical analysis proves it to be composed chiefly of 
calamine (Hg Zn^ Si O5), with smithsonite (Zn C03) and some zinc blende. A few 
cracks in the specimen have become filled with calcite. This rock bears a close 
resemblance to the massive calamine of Altenberg in Rhenish Prussia. It was 
apparently not obtained in jjVk, being rolled and waterwom. 

The remaining rocks include recent river breccias, also specimens of red and 
green jasper from the Tochi river, and a few metamorphic rocks, amongst which 
are gametiferous mica-schist, calc-schist, and baked shales. 

The baked shales occur in contact with the igneous rocks, and have been more 

or less fused; some have been much altered, showing 
signs of considerable fusion and having a hardness of 6 or 
more, while under the microscope they are seen to consist of a glassy groundmass, 
containing in places small crystals, which appear to be the product of recrystal- 
lisation. 


Baked shale. 


♦ 


Notes from the Geological Survey of India, 

JRewah . — ^Among the fossils from the lower Gondwanas collected during the past 
working season, is a clump of Glossop/ers fronds, attached to a portion of their root 
stock. The specimen is not so well preserved as might be wished, but the fronds 
are readily enough recognised and the fragment of root-stock shows the characters 
of Verieiraria, In the Comptes Rendus of this year M. R. Zeiller, under date 23rd 
March, described the discovery of Glossopters fronds attached to Veriehraria in the 
Transvaal, so the true nature of Vertehrariat long in doubt, may be taken to be 
settled as the root-stock of Glosso piers. A figure and description of the Rewah 
specimen will be published. 

Surma, — ^Mr. Hayden visited and examined the steatite mines supposed to be 
in the Minbu district, but really situated to the west of the Yoma in the Kyakpyu 
district of Arakan. The steatite occurs in thin bands and lenticular patches in 
the serpentine intrusions of the Arakan Yoma and is of great purity. 

Kelaii^k collection of fossils from the hills near Kelat has been made by 
Lala Kishen Sing. The fossils have not yet been examined, but the discovery of 
Orikocerus by Dr. Carter (see Manual, 2nd edition, page 143) does not seem to have 
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been repeated. The most interesting stratigraphical fact to record is the direct 
contact of uppermost nummulitic (Spintangi) beds with the massive (Jurassic) 
limestone, which had in one place been eroded till only 15 to so feet remained out 
of 300 feet seen close by. 

R. D. OLDHAM. 
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DONATIONS TO THE MUSEUM. 

* 

* From, ist May to 31ST July 1896. 

Native Gold, with pyrites, in quartz, from the Chowkpazat Gold Mine, Wuntho, Burma 

Presented by C. M. P. Wright. 

Specimens of pegmatite j muscovite with schorl ; and biotite and muscovite in parallel 
crystals, from Bendee, Hazaribagh district, Bengal. 

Presented by A. Gow Smith. 


ADDITIONS TO THE LIBRARY. 

From ist April to 30TH June 1856. 

TitUs of Boohs. Donors* 

Boeck, iT.— 'Himalaya album. 4! Baden-Baden, 1894. 

Bronn, H, G.-^Klassen und Ordnungen des Thier— Reichs. Band II, Abth. 11 , lief. 

11—14, and Band IV, lief. 43— 4t. 8® Leipzig, 1896. 

Brown, C. B., and Judd, y. IF.— The rubies of Burma and associated minerals ; their 
mode of occurrence, origin and metamorphoses. A contribution to 
the- history of Corundum. 4® London, 1896. 

Rev. and Aori. Dept. 

Carraro, Antonio — Reale Istituto Veneto di Scienze, Lettre ed Arti. Indice Generale 
dei Lavori Publicati, 1840-41, A1 1893-94. Vols. I-— II. 8* Venezia, 

Cotteau, G., Gauthier, F., and Douville, H . — Paleontologie de la Mission Scienti- 
fique en Perse. 4® Paris, 1895. 

Cox, W, G.— Artesian Wells as a means cf water supply, 8" Brisbane, 1895. 

Db Cherville, G. — Les ^Idphants 6tat Sauvage Domestication. 8® Paris. 

Db Qregorio, a . — Coralli del Terziario di Sicilia. 4® P. Palermo, 1894. 

The Author. 

Nuovi Strumenti Fisici e Metereologici. 4® Palermo, 1893. 

The Author, 

Fock, Andrsas.-^Kry introduction to chemical crystallography. Translated and edited 
^ by W. J. Pope. 8“ Oxford, 1895. 

•Fridrici, C. — Apercu Geologique du Department de la Moselle. 8® P. Paris, 1862. 

The Author. 

Fugger, JS",— Beobachtungen in den Eishohlen des Untersberges bei Salzburg. 8° 

• Salzburg, 1 888. 

„ Eishdhien und Windrohren. 8® Salzburg, 1891—1893, 

Grateloup.— Notice Geognostique sur les Roches du Bassin de L’Adour. 8® Bordeaux, 
1843. The Author. 

Hare.br, Petrology for Students} an introduction to the study of rocks under 

the microscope. 8® Cambridge, 1895. 

Hatch, P, H.* and Chalmers, A . — The Gold Mines of the Rand. 8® London, 1895. 
Hilgari^ E. W , — Alkali Lands, Irrigation and Drainage in their mutual relations. 

8® P. Sacramento, 1892. The University op California. 

Kunz, George F . — Precious Stones. 8® P. Washington, 1893, 

U. S. Gbol. Survey. 
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Ki/ntze, Dr. Otto . — Ceogenetische Beitrage. 8® Leipzig, 1895. 

Lymak, B. i’.— Folds and Faults in Pennsylvania Anthracite— Beds. 8“ P. Philadel- 
phia, 1895. . The Author. 

,, Report on the New Red of Bucks and Montgomery Counties. 8° P. 

Philadelphia, 1895. The Author. 

McMahon, C. A.— Some Structural Characteristics of the Granite of the North-Western 
Himalayas. 8® P. London, 1896. The Author. 

MoJSisovics, Dr. E. V., and Nbumayr, Professor Dr. J/.— BeitrSge zur Pal&ontologie 
und geologie dsterreich— ungams und des orients. Band IX, heft, 
I — ^4, and X, heft. 1— a. 4® Wien and Leipzig, 1896. 

Murray, J. A. H . — A new English Dictionary on Historical Principles. Vol. III. 

(Development — Diffluency). 4® Oxford, i8g6. 

PosEPNY, F.— Archiv fur Practiache Gdologie. Band I. 8“ Wien, 1880. 
pREiswERK, Beitrage zur Kenntniss der Schmelzstructur bei Saugethieren. 

8® Basel, 1895. 

Reclus, FAws.— N ouvelle Gdographie Universelle la Terre et les Hommes. Vol. IX. 
8” Paris, 1884. 

Reowood, Boverionf and Holloway, G, 2*,— Petroleum and its Products. Vols. I — II. 
8" London, 1896. 

Rbevb, t. A . — COnchologia Iconicat or illustrations of the shells of Molluscous Animals 
Continued by G. B, Sowerby. Vols. I — XX. 4® London, 1843—1878. 
Richards, Joseph PF.— Aluminium s its history, occurrence properties, metallurgy and 
application, including its alloys. 8® London, 1896. 

Royal Society Catalogue of Scienthc Papers. Vol. XI. 4® London, 1896. 

Simony, F.—Das Dachsteingebiet. Vol. HI. 4® Wien, 1895. 

Too LA, Ff'uws.— Neuere Erfahrungen uber den geognostischen Aufbau der Erdober- 
flache. No. IV. 8° Wien, 1890—1892, The Author. 

„ Der Jura im Balkan NSrdlich von Sofia, 8” Wien, 1893. 

The Author, 

„ Streiflichter auf die jungste epoche der CuUur. 8® P. Wien, 1893. 

The Author. 

Tryon, G. W . — Manual of Conchology. Series 1, part 62 ; and II, part 38. 8® Phila-' 
delphia, 1896. 

Walcott, C. Z?.— Note on some appendages of the Trilobites. 8“ P. Washington, 1894. 

Thb Author* 

Watts, IF, X.— The Gas and Petroleum yielding formadons of the Central Valley of 
California. S'* P. Sacramento, 1894. 

California State Mining Bureau. 

Zeillbr) if. i?.— Note sur la Flore Fossile des Gisements Houillers de Rio Grande Do 
Sul (Brasil Meridional), 8® P. Paris, 1895. The Author. 

„ Sur Pattribution du genre Vertebraria, 4® P, Paris, 1896. 

The Author. 


PERIODICALS, SERIALS, etc. 

American Geologist. Vol. XVU, Nos. $>-6, 8° Minneapolis, 1896. 

American Journal of Science. Series IV, Vol. 1 , Nos, 4-^. 8® New Haven, 18^ 

Trb Editor. 
AS 
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American Naturalist. Vol. XKX» Nos, 351— ' 353 * 8 ® Philadelphia, 1896. 

Annalen der Physik und Chemie. Neue Folge, Band LVIf, heft 3 '-•5. 8® Leipzig, 
1896. 

Annales de Geologie et de Paldontologie. Livr. 19—20. 4° Palerme, 1896, 

Annals and Magazine of Natural History. Vol. XVII, Nos. 100— 102. 8® London, 
1896. 

Athenaeum. Nos. 3569—3581. 4® London, 1896. 

Beiblatter zu den Annalen der Physik und Chemie. Band XX, Nos. 3—5. 8“ Leipzig, 
1893. 

Chemical News. Vol. LXXIII, Nos. 1895—1907. 8® London, 1896. 

Colliery Guardian. Vol. LXXI, Nos 1838—1850. Fol., London, i8g6. 

Geological Magazine. New series, Decade IV, Vol, IH, Nos. 4—6. 8° London, 1896. 
Glacialists* Magazine. Vol. Ill, pts. 1—2. 8* London, 1895. 

Index of Authors and Subjects, Vols. I— X,of the Mineralogical Magazine, 8* London, 
1896. 

Industries and Iron. Vol, XX, Nos. 1210—1222. 4® London, 1896. 

Journal of Geology, Vol. IV, Nos. 2 — 3. 8° Chicago, 1896. 

London, Edinburgh and Dublin Philosophical Magazine. Vol. XU, Nos. 251 — 253. 
8^ London, 1896. 

Mining Journal. Vol. LXVI, Nos. 3160—3172, Fol,, London,.i896. 

Natural Science. Vol. II, No. 14, and VIII, Nos. 50—52. 8® London, 1893 and 1896. 
Nature. Vol. LI II, Nos. 1377—1389. 8® London, 1896. 

Palmontographica. Band XLIII, lief, i — 2. 4® Stuttgart, 1896. 

Palaeontologische Abhandlungen. Neue Polge, Band HI, heft 2. 4® Jena, 1896. 
Petermann's Geographischer Mittheilungen. Band XLIl, Nos. 3—5. 4* Gotha, 1896. 

Thr Editor* 

Scientific American. Vol LXXIV, Nos. 10—22. Fol., New York, 1896. 

I, „ Supplement. Vol. XLI, Nos. 1053—1065. Fol., New York, i8g6. 
The Indian and Eastern Engineer, Vol XXVI, Nos 469—480. Fol., Calcutta, 1896. 
Tschermak’s Mineralogische und Petrographische Mittheilungen. Band XV, heft 5—6. 

* 8® Wien, 1896. 

Zffltschrift der Gesellschaft fur Erdkunde zu Berlin. Band XXXI, Nos. 1—2. 8® 
Berlin, 1896. 

Zeitschrift fur Kiystallographie und Mineralogie. Band XXVI, heft i — ^3. 8“ Leipzig, 
1896. 

Zeitschrift fiir praktische Geologie. Jahrgang 1896, heft 3 — 5. 4" Berlin, 1896. 


GOVERNMENT SELECTIONS, REPORTS, etc. 

Bombay.— Selections from the Records of the Bombay Government. New series. Nos. 

303* 305 and 343. Fisc., Bombay, 1895. Bombay Government. 

Bangalore.— Report on the administration of Coorg for i894>95. Fisc, Bangalore, 

1895. Chief Commissioner, Coorg, 
India.— Archmological Survey of India. Vol. II, part 3. 8** Madras, 1895. 

Government op India. 

„ Government of India. Ci^dl Budget Estimate for i896'97. Fisc., Calcutta, 

1896. Government of India. 

* 23 
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India.— Indian Meteorological Memoirs. Vol. IX, parts 4 and g. 4" Calcutta, 1896, 

Meteoroi-ogicai. Reporter to Government of India. 

„ Monthly Weather Review, October and November, 1895. 4° Calcutta, 1896. 

Meteorological Reporter to Government of India. 
„ List of Civil Officers holding Gazited appointments under the Government of 
India, in the Home, Legislative, Foreign and Revenue and Agricultural 
Departments, corrected to ist January 1896. 8" Calcutta, 1896. 

Government of India. 

„ Report on the Administration of the Andaman and Nicobar Islands and the 
Penal Settlements "of Port Blair and the Nicobars for i894>95. Fisc. 
Calcutta, 1895, Government of India. 

„ Statistical Atlas of India, and Edition. Fol., Calcutta, 1895. 

Revenue and Agricultural Department. 
Madras.— Annual Administration Report of the Forest Department, Madras Presiilency, 
for the twelve months ending 30th June 1895, Fisc., Madras, 1896. 

Madras Government. 

„ Appendix to the Report on the Government Central Museum, Madras. 8® P. 

Madras, 1856. Madras Government. 

„ Madras Observatory, Daily Meteorological Means. 4® Madras, 1896. 

Madras Government. 

Punjab.— Gazetteer of the Sialkot District, 1894-95. Revised Edition. 8® Lahore, 189’., 

Punjab Gdvernment, 


TRANSACTIONS, PROCEEDINGS, etc, OF SOCIETIES, SURVEYS, etc. 

Baltimore.— Johns Hopkins University Circulars, Vol. XV, Nos. 133— 124 4® 

Baltimore, 1896. The University^ 

Batavia.— N aturkundig Tijdschrift voor Nederlandsch. Indio. Dcel LV. 8® Batavia, 
1896. Tbe Society. 

Berkeley,— B ulktin of the Dep.nrtment of Geology, University of California, Vol, 1, 

• Nos. 1 — 9, 8“ L.rkeley, 1893-95. University. 

Berlin.— Verhandlungen der Gescllschaft fur Erdkunde zu Berlin, Band XXIII, 
Nos. 3 — 3. 8® Berlin, 1896. 

Boston.— Memoirs of the Boston Society of Natural History. Vol. V, Nos. 1—2. 4® 
Boston, 1895. The Society. 

„ Proceedings of the Boston Society of Natural History. Vol. XXVI, pt. 4. 

8" Boston, 1895. The Society, 

„ . Proceedings of the American Academy of Arts and Sciences. New series, 

Vol. XXII, 8® Boston, 1895. The Academy, 

Brisbane.— Proceedings of the Royal Society of Queensland. Vol. XI, pt. 2. 8® 
Brisbane, 1896. Tub Society, 

Bruxelles.— Bulletin de la Socidtd Royale Beige de Geography. Anee XIX, No. 6. 

8® Bruxelles, 1895. The Society. 

Budapest,— Termdszetrajzi FUzetek, Vol. XIX, pt. 2. 8“ Budapest, 1896. 

. Hugarian National Museum. 

Calcutta.— Calcutta University Calender, 1896, 1“ Calcutta, 1896, 

. The UNivgaRsnT. 



PART 3.]. 


Additions to the Library. 




if 


Titles of Books. Donors* 

Calcutta* — Geological Survey of India Department Quarterly Notes. No, 2, Fisc.* 
Calcutta, 1896. Geological Survey op India. 

Palseontologia Indica, Ser. XVI, Vol. I, pt. i. 4® Calcutta, 1895, 

Geological Survey of India. 

Records of the Geological Survey of India, Vol. XXIX, pt. 2. 8” 
Calcutta, 1896. Geological Survey op India. 

Report on the Inspection of the Singareni Colliery, Yellandu, Hyderabad 
(Deccan). April 1895. By James Grundy. Fisc,, Calcutta, 1895. 

Geological Survey of India. 
Journal ol the Asiatic Society of Bengal. Vol, LXIV, pt. I, No. 4, and 
pt, II j and LXVf pt, I, No. i. 8® Calcutta, 1896. The Society. 

„ Proceedings of the Asiatic Society of Bengal. No. X (1895) and No. I 
(1896). 8“ Calcutta, 1896. The Society. 

„ Proceedings and Journal of the Agricultural and Horticultural Society of 
India. Vol. X, January to March 1896. 8® Calcutta, 1896. 

The Society. 

„ Survey of India Department Notes for March to May 1896. Fisc,, Cal- 
cutta and Simla, 1896. Survey of India Department, 

Cambridge.— Proceedings of the Cambridge Philosophical Society. Vol. IX, pt. 2, 

8® Cambridge, 1896. The Society. 

Cambridge, Mass. — Bulletin of the Museum of Comparative Zoology. Vol. XXVII, 
No, 7, and XXIX, No. i. 4® Cambridge, Mass., 1896. 

The Museum. 

Cassbl. — Abhandlungen und Bericht des Vereins fur Naturkunde zu Kas&el. No. XL,. 

8® Kassel, 1895. The* Society. 

Cincinnati. — Journal of the Cincinnati Society of Natural History. Vol. XVIII, Nos. 

1—2, 8® Cincinnati, 1895. The Society, 

Copenhagen.— Oversigt over det Kongelige Danske VidenskabernesSelskabs Forhand- 
Hnger og dets Medlemmers Arbejder i Aaret, 1896. Nos. i and 2. 8® 
Kobenhavn, 1896. The Academy, 

pES Moines.— Iowa Geological Survey Vol. IV. 4® Des Moines, 1895. 

The Survey, 

Dresden.— Nachtrag zu dem Fuhrer Durch Das Kgl. Mineralogisch Geologische und 
Praehistorieche Museum in Dresden. 8“ Dresden, 1853. 

The Museum. 

„ Sitzungsberichte und Abhandlungen der Naturwissenschaftlichen Gesells- 
. chaft Isis in Dresden. Jahrgang, 1895, July to December. 8" Dres- 
den, 1896. • The Society. 

Dublin.— Proceedings of the Royal Irish Academy. 3rd series, Vol III, No. 4, and 
List of Members for 1895. 8® Dublin, 1895. The Academy, 

„ Transactions of the Royal Irish Academy. Vol. XXX, pts. 15—17. 4® 
Dublin, 1895. The Academy. . 

Edinburgh.— Scottish Geographical Magazine. Vol XII, Nos. 4—6. 8® Edinburgh, 
i8g6. The Society. 

Gottingen.— Nacbrichten von d®* K. Gesells. der Wissens. zu Gfittingen, Mathema- 

tisch-Physikalische Kiasse. 1896, Heft i ; and Geschaftliche Mittheil- 
ungen. 1896, Heft i, 8® Gottingen, i8gd. The Society. 
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Lausanne.— Bulletin de la Societe Vaudoise des Sciences Naturelles. Sene 3, Vol. 

XXXI, No. 118. 8® Lausanne, 1895. The Society, 

Leipzig.— Abhandlungen der Mathematisch-physischen classe der Konigl. Sachsischen 
GeselJachaft der Wissenschaften. Band XVIII— XX, XXI J, XXIV, 
XXVI, XXVII, XXIX, XXXI, xxxni, XXXV, xxxvni ; and 
XL, No. I. 8® Leipzig, 1 8g6. The Society. 

„ Bericbte t)ber die Verhandlungen der Kdniglicb S&chsischen Gesellschaft 
der Wissenschaften zu Leipzig ; Mathematisch*Physische ri ag se, 
1870—1895, and i8g6. No. i, 8® I-eipzig, 1870 — 1896. 

The Society. 

Liege.— Annales de la Societe Geologique de Belgique, Tome XXIII, livr. i. 8® 
Liege, 1896. The Society. 

Lisbon.— Communicacoes de Direccao dos Trabalhos Geologlcos de Portugal. Tome 
III, fasc. 1. 8® Lisboa, 1895-96. 

Geological Survey or Portugal. 
Liverpool.— Proceedings of the Literary and Philosophical Society of Liverpool. 
Vols, XLIV— XLIX. 8* Liverpool, 1890—1895. 

The Society. 

London. — An introduction to the study of Rocks British Museum (Natural History), 
Mineral Dept. 8® London, 1895. (2 copies), 

„ Catalogue of Fossil Fishes. Part III. By A S. Woodward. 8® London, 
1895. British Museum. 

„ Catalogue of the Mesozoic Plants. The Wealden Flora. Part II. By A. C. 

Seward. 8® Ixmdon, 1895. British Museum. 

„ Journal of the Chemical Society. Vols. LXIX, and I.,XX, Nos, 400 — ^402. 
8® London, 1896. 

„ Journal of the Iron and Steel Institule. Vol. XLVIII, No. 2. 8° London, 

1895. The Institutf, 
„ Journal of the Society of Arts Vol. XLIV, Nos. 2261—2273. 8* London» 

1896. The Society. 
„ Proceedings of the Royal Society. Vol, LIX, Nos. 353—354. 8® London, 

1895. The Society. 

„ Proceedings of the Zoological Society of London. Part 4. 8** London, 1896, 

The Socibiy. 

„ Transactions of the Zoological Society of London. Vol. XIV, pt. i. 4® 
London, 1896. The Society 

„ Quarterly Journal of the Geological Society. Vol. LII, pt. 2, No. 206 8® 

London, 1896. . The Society. 

,, Report on the British Association for the advancement of Science, 1895. 8*' 
London, 1896. 

„ Gec^aphical Journal, Vol. VII, Nos. 4 — 6. 8® London, 1896. 

The Society. 

^ Royal Geographical Society. Notes of a Journey on the Upper Mekong, 
Siam, by H, W. Smith. 8* London, 1895. The Society. 

„ Royal Geographical Society. The Topography of the Battle of Plalaea, by 
G. B. Grundy. 8* London, 1894. The Society. 

„ Supplementary Papers of the Royal Geographical Society of London. 

Vol. UI. 8’ London, 1893. The Society. 
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Madrid. — Boletin de la Sociedad Geogfrafica de Madrid, Tomo XXXVII, Nos. 10— 
12. 8“ Madrid, 1896. The Society. 

Manchester. — Memoirs and Proceedings of the Manchester Literary and Philosophical 
Society. 4th series, Vol. X, Nos. 1—3. 8° Manchester, 1896. 

The Society, 

„ TransacUons’ of the Manchester Geological Society. Vol. XXIV, 

pts. 5— 7. S'* Manchester, 1896. The Society. 

Mexico.— Boletin del Institute, Geologico de Mexico, Nos. i — 2, 4° Mexico, 1893. 

The Institute. 

Milan. — Atti della Societa Italian a di Scienze Naturali. Vol. XXXVI, fasc. 1. 8* 
Milano, 1896. The Society. 

Moscow. — Bulletin de la Soci^t6 Imperials des Naturalistes de Moscou. Anee, 1895 
No. 4. 8° Moscou, iSgd. The Society* 

Munich — Sitzungsberichte der Mathematisch-Physikalischen classe der K. b. Aka- 
demie der Wissenschaften. Heft III of 1895. 8® Munchen, 1896, 

The Academy. 

Naples. — Fendiconto della E. Accademia delle Scienze, Fisiche E. Matematiche. Serie 

3, Vol. II, fasc, 2-4. 8° Napoli, 1896. The Academy, 

Newcastle-upon-Tyne.-*- Report of the Proceedings of the Flameless Explosives Com- 
mittee of the North of England Institute of Mining and 
Mechanical Engineers. Part 3. 8® Newcastle-upon-Tyne, 
1896. The iNSTiTurE* 

„ Transactions of the North of England Institute of Mining, 

and Mechanical Engineers. Vol. XLIV, pt. 5, and XLV, 
pts, 1-2. 8® Newcastle-upon-Tyne, 1895-96. 

The Institute. 

„ Transactions of the Federated Institution of Mining Engi- 

neers. Vol X, pt. 3, and XI, pt. i. 8® Newcastle-upon- 
Tyne, 1896, The Institution. 

New York.— Transactions of the New York Academy of Sciences. Vol. XIV. 

8® New York, 1895. The Academy. 

Ottawa.— Summary Report of the Geological Survey Department for 18 5. 8® 
Ottawa, i8g6. The Survey. 

Paris.— Annales des Mines. Send 9, T ome VIII, livr. 12, and IX, livr, 1—2. 8® 

Paris, 1895-96. Dept, of Mines, Paris. 

„ Bulletin de la Soci6td Franfaise de Mineralogie. Tome XIX, Nos, 2—4. 8® 
Paris, 1896. 

„ Bulletin de la Socidt6 G^ologique de France. Seri6 3, Tome XXIII, No. 7, 
8° Paris, 1895, The Society. 

„ Memoires de la Socidtd Gdologique de France. Palfeonlologie. Tome V, fasc, 

4. 4® Paris, 1895. The Society. 

,, Bulletin du Museum d^Histoire Naturelle. 1896, No. 1. 8' Paris, 1896. 

* The Museum. 
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Paris.— Comptes Rendus des Stances de la Soci^t^ de Geographic. Nos. 3—9. 8*^ 

Paris, 1896. Thb Society , 

Philadelphia.— Journal of the Franklin Institute . VoU CXLI, No. 844-845. 8** Phila- 
delphia, 1896. The Institute. 

„ Proceedings of the Academy of Natural Sciences. Pt. II. 8° Philadel- 
phia, 1895. The Academy. 

„ proceedings of the American Philosophical Society. Vol. XXXIV, No. 

148. 8° Philadelphia, 1895. The Society. 

Rome,— Atti della Reale Accademia dei Lincei Rendiconti. Serie V, Sem, I, Vol. V, 
fasc. 5—10. 8® Roma, 1896. The Academy. 

„ Bolletino del. R. Comitato Geologico d’ltalia. Vol. XXVI, Nos. 1—4. 8* 
Roma, 1895. The Commission, 

Rto de Janeiro.— Eclipses du soleil et occullations. 8® Rio de Janeiro, 1894. 

Observatory, Rio de Jbneiro. 

„ Posipees Geographicas. 4® Rio de Janeiro, 1895. 

Observatory, Rio de Janeiro. 

SpRiNGriELD.— Bulletin of the Illinois State Museum of Natural History, No. 9. 8° 
Spring-field, i8g6. The Museum. 

Stockholm.— Bihang Till Kongl, Svenska Vetenskaps Akademiens Handlingar. Band 
XX, pts. 1—4. 8° Stockholm, 1895* The Academy. 

St, Petersburg.— Materials for the Geology of Russia. Vols. I— XV. 8® St, Peters 
burg, 1869*— 1892. 

Imperial Mineral. Society op St. Petersburg. 

„ Verhandlungen der Russisch-Kaiserlichcn Mineralogischen Gcsells- 
chaft, Scrio 2, Band XXXllI, lief, i. 8® St. Petersburg, 1895, 

The l^ciETY. 

Sydney.— Proceedings of the Linnean Society of New South Wales, and series, Vol. 

X, pt. 4. 8® Sydney, 1896. The Society. 

„ Records of the Geological Survey of New South Wales. Vol. V, pt. i. 4® 
Sydney, 1896. The Survey. 

Taipino.— Perak Museum Notes, No. Ill, 8® Taiping, 1894. 

Government, Perak. 

Turin.— A tti della R. Accademia delle Scienae di Torino. Vol. XXXI, disp. 1— a and 
4—5. 8® Torino, I89S-96. The Academy. 

„ Memorie della Reale Accademia delle Scienze di Torino. Serie 2, Tomo 
XLV. 4” Torino, 1896, The Academy, 

Venice,— Atti del R. Istituto Venelo di Scienze, Lettre ed Arti. Serie 7, Tomo LIV, 
disp, 3'~^* 8° Venezia, 1895*9^. The Institute, 

Vienna,— Jahrbuch der K. K, Geologischen Rdchsanstalt. Band XLV, heft i. 8® 
Wien, 189s* The Institute* 

», Verhandlungen der K, K* Geologischem Reichsanstalt. Nos. 14— 18(1895), 
and Nos. 1—5 (1896). 8® Wien, 18^-1896. The Institute, 

d8 
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Washinqiok.— Ati account of the Smithsonian Institution , its Origin* History, Objects 
and Achievements. 8 ® Washington, 1895* The Institution 

„ Bulletin of the tJ. S. Dept of Agriculture, No. 8. 8* Washington, 1896. 

U, S. Dept, of Agric. 

,, Smithsonian Contributions to Knowledge. No. 980. 4* Washington, 

189^. The Institution. 

„ Smithsonian Miscellaneous Collections. No. 971-973. 8“ Washington, 

1895, Institution. 

Wbliinqton.— Twenty-eighth and Twenty-ninth Annual Report of the Colonial 
Laboratory, Mines Dept., Newzealand. 8® P, Wellington, i 894 '’ 95 « 

Mines Deft., New Zealand. 

York.— Yorkshire Philosophical Society. Annual Report for 1895. 8° York, 1896. 

The Societv. 


MAPS. 

ViBNNA."*Geogfraphische Abhandlungen. Band VI, heft i» Alas. Ob. Wien, 189S* 


(a. 1, C. P. O,— No, ea D, O. 
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Steatite mines West 
of Hpa-aing;. 


Report on the Steatite mines, Minbu District, Burma, by H. H. Hayden, 
B.A,, B.E., Assistant SuperintevdenU Geological Survey of India, 

The two chief localities from which steatite is obtained in or near Minbu district 
are — 

(i) the steatite mines some 30 miles west of the village of Hpa-aing ; and 
(3) the lately discovered mines near the village of Senlan in Ngapb town- 
ship. 

Of these, the former are the older! and the more important. They lie on the 

western side of the Arrakan Yoma, and, though supposed 
to be situated in Minbu district, are in reality some ten or 
fifteen miles over its western boundary^ ; they are, therefore, 
in the Kyaufcpyu district of Lower Burma. Owing, however, to the erroneous im- 
pression prevailing as to the situation of the mines, and also to the fact that no 
information on the subject was obtainable in Minbu, I was unprovided with maps 
of Kyaukpyu district andjcan therefore indicate only the approximate position of 
the mines. 

The march from Hpa-aing occupies four days, the path running straight up 

and down the steep, jungle-clad sides of the Arrakan 
Accessibility. Yoma. The chief means of transport are pack bullocks, 
which carry loads ranging from ten to thirty viss*. The mountains, which are 
covered with dense jungle, are uninhabited, the last village— Thet-kai-kyin— 
being reached at the end of the first day’s march from Hpa-aing, while the sub- 
sequent halting places are merely clearings in the jungle with no huts or other 
shelter. 

These mines have been worked for many years, having been In active operation 
History, before the annexation of the country by the British. 

Mining is cairied on from October till the end of April or beginning of May. 
The mines. when wotk is abandoned on account of the rain. 

The steatite occurs in veins traversing the dark green, intrusive serpentine, which 
is found m such large quantities in the Arrakan Yoma. This rock (serpentine) is 

^ One mine only, Hpo.gyi-dwin is situated in Minbu district. This is an old disused pit 
on the eastern slope ot Hpo-gyi-tauog. 

One viss «• 34®* approximately. 
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in most cases found to contain steatite : frequently, however, merely in narrow 
ribbon-like veins. In places, these veins increase in thickness, attaining a width 
of eight or nine inches. When a band is found which is judged to be worth 
working a shaft is sunk along the vein and the steatite extracted till the vein is 
exhausted. Daring this process, other bands are frequently met with, and thus 
the shafts are found to ramify in all directions. 

The total number of mines, including many not now in operation, amounts to 
about twenty-six. Of these only four were being worked at the lime of ray visit 
(May, 1896), and, owing to the fact that the rains had set in, work was abandoned 
soon after my arrival. 

The four mines above mentioned were, however, fully examined, and may be 
described in the order in which they were visited, 

{a) Badubin . — This mine is situated at about three miles south-west of Thit- 
myit-kyi, the halting place reached at the end of the third day’s march from 
Hpa-aing. Two pits only are at present worked, but numerous old shafts, now 
either worked out or neglected, are seen in the neighbourhood. The present pits 
were unfortunately, at the time of my visit, unfit for descent owing to the large 
amount of rain which had already fallen : the sides and roof had already begun 
to fall, and consequently work had been abandoned. Considerable quanlilies of 
steatite, however, had been extracted and packed in baskets ready for^ removal. 
The steatite is of good quality and the miners say that the quantity still available 
is considerable. * 

(^) —This mine is reached at the end the fourth day’s journey, 

and is one of the most important. Here also only two pits arc now worked, though 
the remains of nearly a dozen can be seen. Of these two pits, one had just be- 
come loo unsafe to work, but the other (the better oE the iwo) was still in opera- 
tion, although, owing to the rain, much ddbris had already begun to fall, I 
succeeded, however, in descending and fully examining this shaft. The mining 
is of the most primitive type, and a short description may be of into rest. 

The mouth of the pit is nearly four feet squai;^, and from this the shaft descends 
vertically to a depth of 56 feet. The sides are timbered for the first forty feet to 
prevent falls of rubbish. Below this depth the ground becomes firmer and through 
it the shaft is sunk vertically for 16 feet more ; from this point, it slopes steeply 
in an easterly direction for 17 feet, then follows a vertical descent of 8 feet, after 
which the shaft slopes in a south-easterly direction, with numerous turns and steep 
descents, to a distance of aoo feet. 

The size of the shaft is very variable, being at first nearly four feet square. 
After this, however, it narrows considerably and is usually only just large enough 
to allow of the passage of the minor, crawling on his hands and knees. In places, 
however, even this becomes impossible, and it is necessary to lie clown and work 
one’s body through narrow passages as much as ten feet or more in length. This 
is rendered even more unpleasant by the large quantity of water collected on the 
floor of the shaft, wherever it may chance to be level, 

When, therefore, the rains have set in, and the roof and sides become soft and 
liable to fall, descent becomes a matter of extreme danger since a comparatively 
small jfall of debris would completely block the passage. In addition to this, the 
entire absence of any form of ventilation is most trying. After descending to a 
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depth of some eighty feet or so the atmosphere becomes stifling and one experiences 
great difficulty in breathing. In fact, ventilation takes place solely by means of 
diffusion, which, in such narrow and tortuous passages, is a very slow and un- 
satisfactory process. 

The steatite occurs in this shaft in two bands, seven and eight inches wide 
respectively. The mineral is fairly compact and of good quality, though in places 
it IS crushed and useless. 


(c) Sambawgali dwin . — This mine is situated at about a quarter of a mile east 
of Sambawgyi. It also contains two shafts yielding good steatite, 

{d) Omyi dmin, — This, though one of the oldest, is still the best mine now in 
operation. It is said to have been worked in the time of the last Burmese king, but 
has for some years been neglected, having only recently been re-opened. Only two 
pits are at present worked, and of these one had already been closed at the time of 
my visit, but the other was still in operation. 

The shaft descends vertically for a depth of 45 feet, then branches into two 
narrow passages, running east and south-east respectively. Of these, the former 
descends steeply for ten feet, but work has been interrupted by the influx of water, 
which has necessitated the erection of pumping machinery ; the other passage run 
for some fifteen feet to the south-east and contains a fine 9-inch band of steatite 
of great purity. 

The steatite is cut out from the surrounding serpentine by means of chisels. 

The broken pieces are then collected into small baskets 
carried to the foot of the vertical shaft, whence they axe 
drawn up to the surface by means of balance-poles. 

On reaching the surface the steatite is picked over, all worthless pieces being 

Picking and cutting discarded. It is then sawn up into blocks of various sizes, 

chiefly into pieces of about 8*^ X 3" X 3" and into pencils 
^ inch square in section and of varying length. The pieces are sorted and packed 
into panniers, and are then ready for removal. 

2. The second set of mines is situated some 12 miles to the west of Sbauktaung, 
(Sbodan of map) in Ngapb township. 

From Padein a fairly good cart track runs to Sbauktaung, but from this latter 
village the remainder of the journey must be performed on foot. 

From Sbauktaung, a rough jungle path leads to a small Chin village named 
Won situated in the heart of the Arrakan Yoma and near the source of the Mau- 
kyaung. From Won a path runs to Senlan, a still smaller village, some 3I miles 
fuither west. The steatite mines are situated at about 2 miles (by path nearly 5 
miles) due west of Senlan on a steep mountain side overlooking the Mankyaung, 
These mines were discovered a few months ago by some natives of Padein, 
who extracted a considerable amount of steatite before the matter was brought 
under the notice of the authoiities. 


Picking and cutting. 


There are nine pits in all, but of these several proved unproductive, only a few 
yielding suflBcieut steatite to be worth working. 

These, however, have been carried down to at least 50 feet in depth, and pro- 
bably considerably further. Owing, however, to the work having been interrupted, 
the pits have been deserted and descent is now impossible. 

The steatite, which is of good quality, was extracted in large blocks, which in 
so me cases attained a volume of half a cubic foot. These were sawn into smaller 
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pieces and into pencils, which were then buried beneath the floors of the miners’ 
huts to be carried away as occasion offeied. It is staled that when work was pro- 
hibited some 350 viss had already been removed: a large quantity, however, has 
been left behind and still remains in baskets buried beneath the huts. 

Both the quantity and quality of the steatite here found point to the fact that the 
mines are worth working. 

It has already been pointed out that the steatite occurs in veins in serpentine. In 

some cases the band of steatite rapidly dies out, but in 
a ue o e mmes. continue for seveial hundred feet. The 

steatite mining is therefoie purely a matter of chance, for a vein may die out at 
any minute, and it is quite impossible to form any opinion as to the amount 
of steatite likely to be obtained from any given vein. It will, therefore, be evident 
that any statement as to the amount of this mineral available at the mines would 
be purely conjectural. All that can be said with any certainty is that the dark 
green serpentine appears to occur in very laige quantities in the Arrakan Yoma, 
and where seen is usually found to contain steatite and that frequently in paying 
quantities, while the great purity of the mineral itself consideiably enhances its 
value. 

The geology of Minbu district has already been described by Dr. Noetling in 

his paper on the “ Development and Sub-division of the 
Geology. tertiary system in Burma^ From the map accompanying 

his paper, it will be seen that the upper tertiary rocks extend fiom Minbu to the 
foot of the Arrakan Yoma. Owing to the early date at which the rain.s set 
in on the Arrakan Yoma, I was foiced to fravel as rapidly as po.s.sible over this 
poition of the country, and was therefore unable to do more than remark the ex- 
cellent exposures of tertiary rocks seen between Aingma and Ngapb, and the beau- 
tiful sections extending from Kyiwa to Mdzali, along the banks of the Mon river, 
which cuts through the inclined tertiary strata, exposing an almost perfectly con- 
tinuous section for many miles. Between Aingma rand Ngaiib are seen groat beds 
of sandstone and clay. The sandstones contain many fossiliferous bands, which, 
though individually narrow, are both numerous and highly productive* As the 
road approaches Ngapb, the sandstones become unfossiliferous and between that 
place and Shauktaung, the beds appear to contain no recognisable organic remains. 
At about half a mile west of Shauktaung the sandstones aic underlain by thick beds 
of very finely laminated dark shale with occasional carbonaceous bands. In these 
shales occur at first narrow bands of sandstone, and beneath these a thick bed of 
grey limestone, with nummulites in places : as a mlc, however, in this neighbour- 
hood, the limestones have been altered to such an extent by outbursts of a dark 
gieen serpentine, that the fossils are not recognisable. Beneath these limestones 
come— 

(1} a bed of very dark purple schist, containing some limestone bands, and 
succeeded by 

(s) an immense thickness of green and pnrple shales, containing enormous 
quantities of vein-quartz. These rocks (i and 2) are presumably the 
** Chin shales” of Dr. Noetling.® 


> Reeorcte G. S. I, VoU XXVHI, Pk a, p. $9, sqq. 
* Loedt, 
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In the neighbourhood of Shauktaung, the tertiary beds dip to the east at an 
angle of 40®, and form parallel ranges of low hills running north and south 
and bordering the Arrakan Yoma. These rocks show no signs of alteration. As 
soon, however, as the “ Chin shales*' appear, a remarkable change is noticed : the 
rocks then become folded, crushed and faulted, and in this condition form the greater 
pait of the Arrakan Yoma. At about mile west of Shauktaung the “Chin shales” 
first appear and continue without interruption to Won. About mile west of Won 
they are well seen in the steep, precipitous sides of the Mankyaung. Here also 
occur numerous dykes and intrusions of a grey dolerite, which is seen in great 
masses in the “ Chin shales Numerous boulders of dark green serpentine and a 
somewhat fine grained green gabbro occur in the stream -bed. Two and a half 
miles west of Senlan are found large quantities of the above serpentine. The rock 
has been much crushed and in places strongly resembles the “ Chin shales. ’* It 
contains numerous veins of steatite, and it is here that the new mines already de- 
scribed have been opened. 

The general strike of the rocks being north and south, the same beds are met 
with in the journey from Hpa-aing to the older quarries. A few points of difference 
are, however, noticeable. One of these is the much smaller quantity of vein-quartz 
found in the “ Chin shales ”. Another very interesting feature of the rocks here is 
formed by numerous strings of quartzite pebbles and boulders enclosed in 
these shales: these enclosures are of all sizes and range from blocks weighing 
several tons down to fragments an inch or so in length. They appear to lie 
along the cleavage planes, with their long axes in the direction of strike of the 
cleavage. The enclosures are well seen in the Kyikyaung, at the halting place 
reached at the end of the third day's match from Hpa-aing. Here, too, a band 
of quartzite is seen interbedded with the shales. The appearance of the shales and 
their enclosures so exactly resembles that of the quartzite pebbles and boulders 
seen in the cambrian slates on the peninsula of Howth, near Dublin, that one is 
constrained to assume a similarity in their mode of origin. 

This latter phenomenon has been described by Piofessor Sollas, who writes : — > 
“...on the north side of Howth one may observe how great blocks of quartzite have 
been squeezed out from their bed during folding and carried into a stream of 
flowing slate, to form veritable intratelluric erratics. Near tbe nose of Howth 
whole trains of such erratics may be seen ; these, no doubt, stand in connection 
with an important plane of shearing along the middle limb of an overfold, ...The 
whole terrane seems here to have been thrown into a state of intestine movement 
flowing up, down and sideways, and even whirling round about,’* ^ 

The boulders of quartzite are in some cases so large as to preclude the proba- 
bility of their having been waterborne, while at the same time their exact resem- 
blance to tbe neighbouring bed of quartzite is strong evidence in favour of their 
having been derived from it. 

The amount of pressure to which these shales have been subjected, though 
probably not so great as that which the Howth rocks have repeatedly undergone 
since Cambrian times, has, nevertheless, been sufficient to elevate the great mountains 
of the Arrakan Yoma, and to fold and contort the shales to a vast extent. The 

' Proc, Geologist’s Aasoo., Vol, XIII, Pt. 4, 1893. The Geology of Dublin and its 
neighbourhood. 
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cleavage and bedding of the shales appear to correspond and, where not vertical, 
the prevailing dip is at a high angle (8o° and over) to east or west. Everywhere 
overfolds, faults and broken-backed anliclinals are seen, and it is almost impossible 
to estimate even roughly the true thickness of these beds which extend, at any late 
in the neighbouihood of Shauktaung and Won, over more than six miles of country. 
Nor does the possibility of the discovery of fossils in beds which have been so 
ciushed seem to be anything but exceedingly remote. 


♦ 


Further notes on the Lower Vindhyan (Sub-Kaimur) area of the Sone 
Valley, Rewah, hy P, N. Datta, B.Sc., F.G.S., Deputy Superin- 
tendent ^ Geological Survey of India* 

The area surveyed in 1895-96 includes the ground bounded on the noith 

by the Kaimur scarp and on the south by the Sone 
surv(5^d^wrfeaso^^ Rivcr, and extending from the neighbourhood of Churhat 

(Lat. 24® 2 5'*5, long. 81° 42''5) on the west, to the extreme 
limits of the State of Rewah on the east. 

Thus the lower Vindhyan aica examined on the west during llio season 1894-95 

together with that surveyed this season (1895-96) on the 
lJw°er**Vmdhya*n”nica^ makes up almost the entire strip ol laud situated be- 

survpycd duiinff iHy4- twecn thc Kaimur scazp Oil the north and the Sone on the 

south, in the Rewah State. 

As the result of my examination of the ground during the season i89/j-95» 1 

Lowei Vindhyan beds lowcr Vindhyan systcm clearly admitted of 

classified into lout stages, arrangement fnlo four broad, well marked stages, namely, 

the Rhotas, Kheinjua, Porcellanic and Conglomeratic stages, 
in place of the eleven ‘ subdivisions* into which Mr. Mallet had proposed to classify 
it. 9 My examination this season (1895-96) of the eastern continuation of the same 

beds, as were mot with during the season 1894-95 in the 

'subdiv'^ons’^^nof teSl has further convinced me that Mr. Ma|let*B 

able. subdivisions of the lower Vindhyan system arc not tenable, 

For while some of these subdivisions are extremely limited 
in extent, being in fact altogether more or less local, beds have been made to form 
a subdivision which are not only local but also not very definable; and again, many 
of the proposed ^subdivisions,' through lack of possession of cluiracters important 
and distinctive enough, are not entitled to the rank of * stages ' properly so called. 
Under these circumstances the classification of the lower Vindhyans into the so- 
called subdivisions, eleven in number, can hardly be retniued, and their artango- 
ment into the four stages^ Rhotas, Kheinjua, Porcellanic and Conglomeratic, scorns 
about the best we can have under our present state of knowledge. 

^ Gcol. Svrv, Ind,. XXV111, pt. 4, p. Z45* 

9 Mem. GeoU Surv. lad., VU,p. 28. 
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We will take up the stages severally and notice the peculiarities, should there 
be any, in their extension in the eastern area. Beginning with the youngest we 
have the - 

Rhotas, — Though the bulk of the stage is concealed under alluvium in the 
Rhotas stage. eastern parts, it is apparently composed of thimbedded 

samelSaracter as°L the limestone of much the Same kind and character as on the 
west. ground to the west. 

The band of argillaceous shales stated to occur in the upper parts of the 

stage forming subdivision No. 10 of Mr. Mallet^ could 
Shaly band. No. 10 of nowhere be clearly seen in the area under report. These 

shales are, however, stated to occur between Rajgurh and 
Rewasin Hill.* That Rajgurh is probably a misprint for Ram- 
naggar would appear from the occurrence of a locality of the name of Ramnaggar in 
about the identical position of ' Rajgurh ' in the map accompanying Mr. Mallet's 
Memoir. Taking Ramnaggar and Reiwas Hill then for ‘Rajgurh’ and ‘Rewasin' Hill, 
hardly any clear exposures of even the upper beds of the stage are obtainable in this 
area, to say nothing of an intercalated band of shales in them. But certainly at the 
foot of the scarp by Baghawa (Lat. 24° 29', long. 81® ’50'), Diholi CLat. 24° 30', long. 

530 > and a few other localities, I observed debris of what looked like argil- 
laceous shales ; but as in none of these places could I discover any indications of 
lamination or bedding in them it was not possible to make sure whether what was 
observed was the debris of the Bijigurh shales washed down the slopes from above 
or really shales m situ. 

As to the junction of the Rhotas limestone with the Kaimurs labove. In my 

report of last year I gave it as the resalt of my examina- 
Kaimur-Rho^ juno Kaimur-Rhotas junction in the area from N.W. 

of Intwa, i.e,, about long. to near Churhat (long. 
81° 38') that no evidence of unconformity was discovered at this junction, but there 
were, on the contrary, indications of a gradnal passage from the Rhotas limestone 
into the Kaimur beds above, this passage being indicated by a fine grained, homo- 
geneons chalky shale, as exposed by Hinaota, Daorahra, Majgama, etc.® The exa- 
mination of the ground was extended this season from long. 81° 38' to long. 83® 30'* 
and the following sections are of interest as bearing on the question of the natnre 
of the junction of the lower Vindhyans (Sub-Kaimurs) with the upper Vindhyans 

Ginaor> — {Lai* 2^ 2f'$-, long, Si° 4.2 % — There are two little hillocks at the 

foot of the Kaimur scarp by this village. At the eastern 
Sections bearing* on the extremity of the western hillock is exposed a gentle anti- 
”^^Snao?seciSon!^°* dill® formed by sandstone (Kaimur), in the centre of 

which is seen a darkish grey subporcellanic rock exactly 
like that observed last season between the Rhotas limestone below and the Kaimur 
beds above. This subporcellanic shaly rock passes up into a light gray laminated 
soft shale which is overlaid by the sandstone forming the top beds of the anticline. 
This sandstone is the continuation of the lowermost beds of the sandstone exposed 
on the adjoining Kaimur scarp. The Rhotas is not exposed here, hut there is little 
doubt but that it comes in just below the subporcellanic shaly beds. Thus all 


1 Mem. Geol. Snrv. lad., VIl, pp. 38, 43. 

^ IMem. Geol. Saiv. lad., VII, pp. 4*, 43* 

> Rec. Geol. Sutv. lad., XXVlll, pt, 4, p. 149* 
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Tikat section. 


that we can see here is that the subporcellantc silicious shaly rock passes up into 
a soft light grey shale which in turn seems to pass up into the sandstones of the 
Kaimur scarp. 

Hillocks by Ttkat [Lot, af aS'’s, long. 8i° ^6'). ~ There are three Utile hillocks 
here at the foot of the Kaimur scarp. Rising as they do 
from the alluvium of the plains, these hillocks are seen to 
be composed of subporcellanic silicious shales, which are well exposed on their 
southern slopes, and are capped by thin-bedded sandstone. No marked thickness of 
laminated soft shales occurs here, but these seem to be immediately overlaid by the 
sandstone. The uppermost shaly rock does not seem to be an admixture of argil- 
laceous and arenaceous materials, but while the shale is exceedingly fine grained 
and seems argillaceous (but may bo somewhat silicious) the sandstone seems 
entirely arenaceous and is not very fine grained. Thus there appears to be here an 
absence of a true passage of material from the one set of beds into the other. 
But though this is so, there is a perfect parallelism of bedding between the shales 
and the sandstone. The Rhotus below the subporcellanic shales is not exposed 
here. 

Baghawa {Lai. af af, long. 50'). - The foot of the scarp slopes N. ‘W, of 

Daghawa, exposes sections exactly similar to those near Tikal. 

ajf awa section. Here, at onc spot, the topmost layer, z" thick, of the 

silicious shale could be traced for a few yards along the junction with a perfect 
dip-conformity with the overlying sandstone, although in the character of the ctm- 
stitiicnt materials the shales and the sandstone were sharply sejiaratcd, one being of 
fine argillaceous material (might be somewhat silicious) and the other purely 
arenaceous. 

Diholi (Z«/* afgo', long. $3*) - At a point at the fool of the Kaimur scarp 

DiTioH $(ictioa N. by W. Of DihoH is seen a section tiuile similar to Ihe pre- 
' ' ceding, but here the limestone (Rbolas; isexposed in addition, 

underlying the subporcellanic silicious shales. These shales are very well seen here, 
being light to dark grey in the lower parts and rather finely laminated in the upper 
parts. The junction of the sandstone with these shales is as in the preceding 
section, but the contact of the latter with the underlying Rhotas is not exposed. A 
couple of shallow pits were dug hero with a view to getting at the contact but the 
digging was abandoned owing to prevalence of sandstone and shale debris. The 
point of interest, however, here is that all the three seta of beds, namely, the Rhotas, 
the superjacent silicious shales, and the sandstone overlying the last, are all well 
exposed exhibiting a perfect parallelism of bedding between one another. 

By Maraoli {Lai. af* long.Sa^ ao^’as)^ and Khairpur {Lat,af 34* ^ 
long. Sa° s^'), - Rhotas is visible by the foot *of the scarp slopes, but the junction 
with the beds above is obscured by talus. 

IJurma (Lai, 24^ gd'g, long, 8z° 34'),-^On the scarp slopes here the limestone 
(Rhotas) is followed up the slopes for some way, but its junction is moro or less 
obscured by shaly debris from above. 

Sections^, of - In the ground eastwards of Hurma and as far as the 

' Ground E of Hutna. ^ Rewah, fairly clear sections are not unfrequently 

met with ; but the subporcellanic silidous shales between 
the Kaimur sandstone and the Rhotas limestone, hitherto noticed so often on the 
west, seem to be absent there. But the parallelism of the limestone beds of the 
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Rhotas stage with those of the overlying sandstone of the Kaimurs is maintained 
throughout. 

Thus from the sections above recorded we find that while near Ginaor the sub- 


porcellanic silicious shales pass up into a shale which in turn seems to pass up into 
a sandstone, this latter shale is little developed by Tikat. Throughout the greater 
part of the area in sheet 474 (i.e,, from long, 82° o'to 82® 20') the rim of the upper 
Vindhyan basin seems depressed and the Kaimur sandstone comes down to the 
level of the alluvium of the plains. Eastwards of this point the Rhotas is again 
visible by the foot of the scarp, but the silicious shales are no longer traceable, being 
apparently absent, the result being that the Rhotas is in direct contact with the 
sandstone of the Kaimur scarp. These last two sets of beds, however, exhibit a 
thorough dip-conformity throughout. 


Inferences drawn from 
the sectioiib. 


From these observations and those recorded last year 
we are led to infer : — 


i. That there is a passage from the Rhotas limestone into the Kaimur sand- 
stone through a homogeneous white shale, as observed by Hinaota, 
Daorahia,' etc,, and a subporcellanic silicious shale which itself passes 
up into the overlying sandstone. 

ii. That the above mentioned shales — the homogeneous white shale, the 
silicious shale, etc. — die out towards the east, and that there is an over- 
lap of these by the Kaimur sandstone which thus rests directly on the 
Rhotas limestone in the eastern parts. 

iii That this overlap would explain the abrupt juxtaposition of a coarse rock 
like the sandstone of the Kaimurs and of a fine-grained, homogeneous 
deposit like the Rhotas limestone, an abruptness that has hitherto been 
held to be universal and as such been insisted on as evidence of 
unconformity between the lower and the upper Vindhyans, but which 
appears now to be not universal but only local, obtaining over only 
parts of the area, and being replaced in other parts by a gradual passage 
from the limestone of the Rhotas into the arenaceous beds above. 


iv. That though thus there is an overlap in certain parts by the Kaimur sand- 
stone of the shales that come in immediately above the Rhotas, there is 
no unconformity between the lower Vindhyans (sub-Kaimurs) and thd 
upper Vindhyans. 

Kkemjua stage . — ^As most of the area examined this season is under a 

general cover of superficial deposits, exposures for close 
The Khanitia stage. examination of the beds were very few and imperfect, and 

thus it was not possible to arrive at a more minute and detailed classification of the 
Kheinjuas than that recorded last year.* Hence last year's classification of the 


1 Rec. Geol. Sorv. Ind., XXVlll, pt. 4, p. 149* 

2 Th^ are the 8 zones info which the Kheinjuas wt^e divided (I esceq^'ing order). 

i. Aigillaceoussheles, with calcaxeous concretions, etc. 
u. Limestone band. 

tii. Shatea, with tb}n-hedded sandstone^ ripplemarbed. 

iv. Umestone, with shales : limestone npplemarfeed, impure with quartz and other 
enclosures. 

V. Shales, ar^Haceoos and arenaceous,, rippiemarked, udth tbip hands of saudstpne* 
vt, Saudstane, thick bedded and qaartzidc. 
ni. Limestone with shales. 

Tiii. Shales and sandstones. 

See Rec. GeoL Surv. Ind., XXVlll, p. 146. 
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Kheinjua stage, namely, into 8 zones, has been retained, and endeavour 
has been made to correlate the sections available in the eastern area with those 
of the western. The main results are that while zone i (upper part of Mr. 
Mallet’s subdivision No. 8) and zone iv (subdivision No, 7 of Mallet’s) are fairly 
persistent and traceable almost throughout the area, the limestone of zone iii is no- 
where exposed in this eastern area, nor is the zone vii well defined, though a thin 
limestone band does occur in jxirts of the area not far from its horizon, such for 
instance as the calcareous band i mile S of Churhat (Lat. 2 4^2 5 '*5, long. 
8 i® 42'*5). Zone iii no doubt occurs probably throughout the area though it is not 
open to examination owing to superficial deposits. The absence of the thick- 
bedded quartzitic sandstone band, zone vi. (part of subdivision 6 of Mr. 
Mallet's) coupled with the circumstance that the limestone of the zone vii is not 
generally developed or traceable, adds to the difficulty of separating v from viii. 
Thus where there is no limestone in the lower parts of the division, zones v-viii 
are not distinguishable among each other. 

Reference may here be made to one or two of Mr. Mallet’s remarks recorded by 
_ , , . him with reference to the Kheiniaas. — Mr. Mallet says 

stone of zone iv, of that the limestone of his subdivision No. 7 is absent at 
Mamet’s at BardhS^ Now there can bc no question that there is a broad 

band of limestone well exposed on either bank of the Gopat 
by the south-western end of the village of Bardhi, and that it occurs as part of the 
Klheinjuas and is overlaid by thin-bedded sandstones and argillaceous shales con- 
taining calcareous concretions which certainly belong to Mr, Mallet's subdivision No. 
8", and is undcrrlaid by shales and thin-bedded sandstone with some more beds (/.a, 
the lowermost, probably shales) that arc concealed. But os porccllanic shiiloa (No. 
5 of Manct’s)come in just below the last mentioned .set of beds — ^the shales anti thin- 
bedded sandstones — ^therc can hardly be much doubt that these .shales and sandsloues 
represent his subdivision No. 6, and consequently the Bardhi hand of Umcslom* 
must belong to his subdivision No. 7, Wiile the existence of the siibdiviaional 
limestone No. 7 is altogether denied at Bardhi, not only is there no position whatever 
assigned in Mr, Mallet’s classification to the prominent band of limestone of Bardhi 
but it is not so much as even alluded to as occurring here. 

With regard to the statement that the concretionary shules (*>., part of Mullet’s 

subdivision No. 8, or zone i of the Kheinjuas of my clas- 
“of jfc sification) rest directly on the porcellanic shales at Bardhi, 
Mallet’s at Bardhi. and that consequently the intermediate beds(i>., his subdivi- 

sion Nos, 7 and 6) are entirely undeveloped there,* the 
following section by Bardhi will make it at once evident that a good diickness of 
those iittennediate beds (subdivisions 7 and 6) do occur there and that thus the 
concretionary shales of subdivision No. B do not rest directly on the porccllanics 
at or near Bardhi. 

Scsiion N. By W,»^S, By B, By Sardhu 
(Bsscbkdxng OamtR.) 

(a, Arglllaceoat ahalos, dark grey tobladdah, coat^ning calcareous concretions, passittg down 

^ Mem. GmA. Surv. Ind,, VII, p. 38. The locality la here named Burdhee.** 
a Mam. GeoU Surv. Ind., VII, p. 40. 

* Menu GeoU Surv, lad*, VII, p. gS. 
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into a thin band of finely laminated light grey to whitish shale with crystals of quarts. 
Well seen on the left bank of the Sone, N. W. of Bardhi. 
bt Blank. 

c. Thin-bedded sandstone (with an occasional thick bed), with subordinate bands of shales. 

These are the beds on which Bardhi itself stands and are welt seen on the right bank of the 
Gopat here. 

d. Limestone with shales ; composed of an upper band of grey, yellowish to pinkish limestone, 

thick bedded and cherty, succeeded by greenish argillaceous shales and {these being 
underlaid by a thinner band of rather impure limestone with intercalations of arenaceous 
layer. Well exposed on the right bank of the Sone at ai miles W. by N. of Bardhi j seen 
also on the Gopat just S. W, of Bardhi itself. 

<r. Shales, greenish (argillaceous as well as arenaceous), with thin-bedded sandstone. 

/. Blank. 

Porcellanics. 


In this section: 

(a) represents zone i of the Kheinjuas, i.e., uppermost part of Mr. Mallet’s subdivision 
No. 8j 

zone ii may be present but is not exposed; 

(e) ,, zone iii, lower parts of ’ subdivision* No. 8; and evidently the next lower 

b^s, namely, 

(d) represent zone iv, Lp., subdivision No. 7 of Mallet’s, and that 

(a) and the concealed beds of blank f, represent v, vi and viii (vii in all probability being 
absent from the section), that is, snbdivision 6 of Mr. Mallet’s. Thus a tolerably good 
thickness of beds of * subdivisions ' 7 and 6 aie interposed between the shales containing 
calcareous concretions belonging to No. 8 of Mallet's subdivisions and the porcellanics 
In the neighbourhood of Bardhi. 


Porcellamc stagei>-^Ol the three-fold division of the porcellanics, namely, 
into upper porcellanics, trappoids and lower porcellanics, as indicated from the 

examination of the ground in the western parts, ^ the trap- 
Trappoids generally poids Seem more or less absent in the area examined this 
absent. geason. They (the trappoids) being the coarser beds it is 

only to be expected that they would be more or less local in extent and distribution 
Thus in this eastern area the porcellanics consist generally of shales of a porcel- 
lanic character together with intercalations of ordinary argillaceous shales, with only 
very local, occasional, coarser beds— -the remnants of the old * trappoids*. 

The porcellanics as a band are traceable as far as Agarwar(Lat. 24® 32^-5, long. 
82® 4i^''5)* Eastward of this surface deposits predominate to such an extent as to 
conceal all further exposures, and the course indicated by the porcellanics is there- 


fore to some extent conjectural. 

Conglomeraiit stage*-— HUs, the basal, stage of the lower Vindhyans 
(sub-Kaimursj) was proposed last year to include beds of 
subdivisions Nos. 2 and i of Mallet’s.* Further obserra- 
tions this season have not only convinced me as to the pro- 
priety of including the limestone of subdivision 2 in this 
stage, but also that the limestone forming Hr. Mallet's 
subdivision No. a cannot be maintained as a subdivision proper at all, but 
that it can be regarded only as a zone in the stage. For there is no 
limestone constantly present occupying a horizon intermediate between the 
porcellanics and the subdivision No. i (Mallet’s); in fact in the area 


Ltmastone of * subfivi- 
mon ’ No. a of Mallot’s 
cannot; be maintained as 
a subdivision of the 
basal stage. 


1 Rec. Geol. Surv. fnd., XXVIII, pt. 4, P* 14^. 
* Rec. Geol, Surv, lad., XXVIH, pt. 4, p. 1+7. 
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under report a limestone could be detected only for a few miles in this position. 
Even when it does occur in this position it is not present as a thick mass, nor does 
It exhibit any characteristic peculiarities entitling itself to any prominence, but on 
the contrary it shows an intimate connection and association with the underlying 
beds, as if it formed a part and parcel of them. Added to this is the circum- 
stance that it does not present an uniform and persistent character in all 
Its outcrops but is of a character exceedingly inconstant and variable. There 
certainly does occur in many places in the area under notice one thin calcareous 

Horizon of the cal- conglomeratic stage but the 

careous band or bands in position of its Occurrence varies, it' being sometimes 
this stage variable. p^^ sometimes about the 

middle and occasionally rather near the base than otherwise. So the arrangement 
Qf the conglomeratic stage into two subdivisions, namely, limestone and con- 
glomeratic and calcareous sandstone that was suggested must be given up. As to 
any new grouping of the beds : Of the ground surveyed this season by me the con- 
glomeratic stage comes in only in part of it and even in this limited area alluvium 
prevails over a large portion and thus exposures available for a minute examination 
were exceedingly few and unsatisfactory. Under these disadvantageous circumstan- 

Classificatioa of tho attempt at a minute classification — a classifica- 

beds of the stage into tion that would hold good gcncrally—had to be given up and 
two bubdivibiooB. «ii j 1. u f j .1 , • i , 

all that has been found possible is to suggest an arrange- 
ment of the beds of the stage into two broad subdivisions, namely 


(Descend INS Order.) 

i. Shalnsjand thin bedded sandstones, with ons or more ol ralcaroous bands. 

ii. Sand'ilonob, lather thicltobt bedded and olton lather ({uaitziUc, with congiotnoiatir (|uatUtb 

or bandstune. 


Notes from the Geolo^eal Survey of India,, 

—“During a recent tour of the Director his attention was drawn by 
Dr. J. W, Evans, senior Geologist to the Government of Mysore, to certain pecu- 
liarities of the so-called Champion reef in the Kolar gold-field, which show that it 
is not a reef or vein, but a true bed of meiamorphic quartzite. Tho lie of the 
quartz is strictly conformable to that of the schists on either side, and in more than 
one place it has been bent sharply up and then down again into a synclinal and 
anticlinal fold, whose axis dip steeply to the northwards. Where the quartz is bent* 
the bedding of the hornblende schists follows it and can be seen curving over the 
vacant spaces where the quartz has been worked out. There can be liulo doubt 
that Dr. Evans’ intorpretatlon is the true one, and that the gold of Mysore, as of the 
Transvaal, occurs in a bed, and not in a true vein. This discovery is ot interest 
as adding yet another to the many analogies between the geology of India and 
Africa, and is not without its bearing on the economic Question of the life of the 
Kolar gold-field. 


R. D. OLDHAM* 
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DONATIONS TO THE MUSEUM. 

From ist August to 31ST October 1896, 

Six specimens of minerals, consisting of Ctlindrite, from Poopoo, Bolivia ; Perbylitb, 
from Challacollo, Tarapaca, Chili ; Vesuvianite, from Magnet Cove, Arkansas, 
United States, America j Szaibeiyite, from Rezbanya, Hungary ; Specular Iron, 
from Dognaczka, Hungary j Oligoclase, from Hawk mine, Bakersville, Mitchell 
Co., North Carolina, United States, America; and five specimens of meteorites: — 
Forest, Winnebago Co., Iowa, U.S. A., fell and May 1890, weight 25 grms.; Bath, 
Aberdeen, Dacotah, U. S. A., fell agth Augujt 1892, weight 227 grms,; V’ir"OTi 
Co., Brazos, Texas, U. S. A., found 1836, weight 287 grms.; Carlton, Hamilton 
Co, Texas, U. S. A., found 1887, weight 86 grms,; Plymouth, Marshall Co., 
Indiana, U. S. A., found 1893, weight 33 grms. 

Presented by Dr. Aristides Brezina, 

Director ah. k. x. Naturhistorischen HotMUsEUM, Vibnka. 

Portion of a large crystal of Beryl, from the Kodarma Mica Mine, Hazaribagh Dis- 
trict. 

Presented by C, A. Dickson, Howrah. 


ADDITIONS TO THE LIBRARY. 

From ist July to 30TH September 1S96. 

Titles of Book'i, Donors* 

Beck, Ludmg . — Die Geschichte des Eisens. Abth. Ill, lief. 2-3, 8* Braunschweig, 

Bbrwbrth, F.— Microscopische Structurbilder der Massengesteine. Lief i. 4.° Stutt- 
gart, 1895. 

Biitner, a . — Bemerkungen zur Neuesten Nomenclatur der Alpinen Trias. 8° Pam., 
Wien, 1896. The Author. 

„ Dachsteinkalk und Hallstatter Kalk. S’’ Pam., Wien, 1S96. 

The Author. 

„ Eine neue Form der friadischen Terebratulidengruppe der Neocentronel- 
linen oder JuvavelHnen, 8" Pam., Wien, 1896. The Author. 

Brezina, A , — Die Meteoritensammlung des K. K. Naturhistorischen Hofmuseums. 

8° Wien, i8g6. The Museum. 

Bronn, S, G.*— Klassen und Ordnungen des Thier-Reichs. Band IV, lief. 45 — ^47. 8° 
Leipzig, 1896. 

Bukowsk]^ G* V . — Ueber den geologischen Bau des nordlichen Theiles von Spizza in 
Suddalmatien. 8®Wien*i8g6. The Author. 

Chester, A * H . — A Dictionary of the names of Minerals. 8® New York, 1896. 

Cope, E* Z?.— Fossil Vertebrata from the fissure at Port Keimedy. 8® Philadelphia, 
1896. The Author, 

„ The Reptilian order Cotylosauria ; — On Pleistocene Mammalia from 

Petite Anse. 8® Philadelphia, 1896, The Author. 
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Titles of Books, Donort, 

D\na, f. 2?.— Manual of Geology. 4th Edition. 8° New York, 1896. 

Gregory, J, W , — The Great Rift Valley. 8“ London, 1896. 

Judd, y. IV.-- The Student’s LyelL : a manual of Elementary Geology, 8® London., 
1896. 

Lawrewce, W. R . — The Valley of Kashmir. 4® London. 1896. 

Milch, L.— Bcitrage zur Kcnntnissdes Verrucano. Tell. II. 8° Leipzig, 1896. 

Murray, A. li.-’h new English Dictionary on Historical Princjples Vol, HI, 
(Diffluent- Disburden), and IV (Field-Fish). 4° Oxford, 1896. 
Petiton, / 4.— Geologie de L* Indo-Chinc. With 4® plates, 8° and 4® Pans, 1895. 
PoMPBCKJ, y. 2?*.— Beitrdge zu eincr Revision der Ammonilen des Schwabischen Jura. 
Lief, II. 8° Stuttgart, 1896. 

Review of Mineral Production in India for 1895* Fisc. Calcutta, 189(1 

Reporter on Economic Products to Government ov India. 

Tecklbnburg, Th . — Handbuch der Tiefbohrkunde. Band VI. 8° l.eipzig, 189(1. 
Tryon, G. IV.— Manual of Conchology. ist scries, part 63, and 2nd series, part 39 8® 
Philadelphia, 1896. 

Watt, G , — Dictionary of the Economic Products of India. Index. 8° Calcutta, 1896. 

Revenue and Agricultural Department, 


PERIODICALS, serials, etc. 

American Geologist. Vol. XV III, Nos. 1-2. 8® Minneapolis, 1895 

„ Journal of Science. 4lh series, Vol. tl, Nos. 7-8. 8® New Haven, 1896. 

Tiifc ICiiiioK, 

,1 Naturalist. Vol. XXX, No.s. 351.— 356. 8® Phil.idolphi.'i, i8«A 
Annalun der Phy.ik und Clicmic. Band LVIII, heft 2 — 8® (.iMpzig, 1890, 

Annalb and Magazine of Natural Jhslory. Vol. XVHl, Nos. 103—105. 8“ I.ondon, 

1896. 

Athtmaaim. Nos. 3582— 3593, 4° London, 1896. 

Boibhittcr zu den Annalender PhysiU und Chemio. ILand XX, Nos. 6—8, 8® I.eipzig, 
18964 

Chemical News, Vol. LXXIII, No, 1908, to Vol. LXXIV, No. 8" London, i8i;6. 
Colliery Guardian, Vol. LXXI, No. l8si» to LXXII, No. 1802. Fol., London, 1896. 
Geological Magazine. New series, Decade IV, Vol, III, Nos. 8-9. 8“ i,ondon, 189D. 
Glacialists’ Magttzine. Vol, III, pi. 3. 8® London, i8y6. 

Industries and Iron. Vol XX, No. 1223, to XXI, No. 1234, 4” London, 1896, 

Journal of Geology, Vol. IV, Nos. 4-5. 8® Chicago, 1895, 

London, Edinburgh and Dublin Philosophical Magazine and Journal of Science. Vol, 
XU I, Nos, 254—256. 8® London, 1890. 

Mining Journal. Vol. LXVl, Nos, 3173—3184, Fob, London, i8<)6. 

Natural Science. Vol. IX, Nos. 53—55* 8® London, 1896. 

Nature. Vol. LIV, Nos, 1390—1401. 8® London, 18(96. 

Neues Jahrbuch fCir Mineralogie, Gcologle, und Palioontologie. Band I, heft 3, 8" 
Stuttgart, 1896, 

Palaeontologischo Abhandlungen. Neuc Folge, Band 11 , heft 6, 4® Jond, 1^96. 
Pelermann’s Gcographische MiUheilungen. Band XLII, heft 0 — 8 . 4* Gotha, 1896. 

The Editor. 
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Scientific American. Vol. LXXIV, Nos. 23—36, and LXXV, Nos. i— 8. Fol.j New 
York, 1896. 

„ „ Supplement. Vol. XLl, No. io66, to XLH, No. 1077. Fol., New 

York, 1896. 

The Indian and Eastern Engineer. Vol. XXVII, Nos. 481—493. Fol., Calcutta, 1896. 

The Editor. 

Tschermak's Mineralogische und Petrographische Mittlieilungen. Band XVI, heft i. 
8° Wien, 1S96. 

Zatschrifl ffir Krystallographie und M ineralogie. Band XXVI, heft 4—6. 8° Leipzig, 
1896. 

„ „ Practische Geologic. Heft 6—8. 4® Berlin, 1896. 


GOVERNMENT SELECTIONS, REPORTS, etc. 

Bombay. — Brief sketch of the Meteorology of the Bombay Presidency in 1894*95. 

Bombay. * . Bombay Government. 

„ Selections from the Records of the Bombay Government. New series, Nos. 
344 ' 34 S» 347*348, and 350. Fisc, Bombay, i8g6. 

Bombay Government. 

India. — Administration Report of the Railways in India for 1895-96, Part 1 . Fisc. 

Simla, 1896. Government op India. 

„ Agricultural Ledger. Nos. 8, 18 and 20 (1895) Nos. 1—7, 9, 11—14, 18, 22 
and 24— 27 (1896). 8“ Calcutta, 1896. Government op India. 

„ Indian Meteorological Memoirs. Vol. IX, pts. 6-7. 4° Calcutta, 1896 

Meteorologicai, Reporter to the Government oj India* 

„ Monthly Weather Review. December 1895 and January to May 1896. 4® 
Calcutta, 1896. 

Meteorological Reporter to the Government op India. 

„ Rainfall data of India, 1S95. Plsc. Calcutta, 1896. 

Meteorological Reporter to the Government op India. 
„ List of Officers in the Survey and other Scientific and Minor Departments 
subordinate to the Government of I ndia in the Revenue and Agricul- 
tmal Department, corrected to 1st July 1896. 8® Calcutta, 1896. 

, Government op India. 

„ List of Officers of the Geological Survey of India, corrected to ist July 1896. 

8“ Calcutta, 1896. Government of India, 

„ Selections from the Records of the Government of India, Foreign Department, 
Nos. 333 and 335. Fisc. Calcutta, 1896. Government of India, 


TflANSACTIONS, PROCEEDINGS, etc., OF SOCIETIES, SURVEYS, etc. 

Adelaide.— Transactions of the Royal Society of South Australia. Vol. XVI, part 3. 

8° Adelaide, 1896. The Society. 

Baltimore.— Johns Hopkins University Circulars. Vol. XV, Nos, 125-126. 4® 

Baltimore) 1896. The University. 
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Batavia.— Supplemcnt—Catalogus der Bibliotheek van de Koninklijke Natuurkundige 
Vereeniging m Nedcrlandsch-Indic, (1883—1893). 8® Batavia, 1895. 

Batavian Socibi’y. 

Berxbiey.— Bulletin of the Department of Geology, University of California. Vol. I, 
Nos. lo-ii. 8® Berkeley, 1895. The University. 

Berlin.— Abhandlungen dcr Kiinigl. Akademie der Wisscnschafton z\x Berlin, 1895. 

4“ Berlin, 1895. The Academy. 

„ Silzungsberichte dcr Konig. Pruss. Akad. der Wissenscliaftcn zu Berlin, 
Nos. 1—23. 8° Berlin, 1896. The Academy. 

„ Jahrbuch der Kiinig. Pruss. Geol. Landcsanstnlt und Borg.ikadcmic zu 
Berlin, 1894. 8° Berlin, 1895. The Institute. 

„ VerhandUingen dcr Gesellschaft fiir Erkunde zu Berlin. Band XXII I, 
Nos. 4—6. 8'^ Berlin, 181)6, 

„ ZeiUebrift dcr Gesellschaft fiir Erdkunde zu Berlin. Band XXXI, No. 

8° Berlin, 1896. 

„ Zcitschrift der Doutseben Goologischen Gesellschaft. Band XLVIII, heft 4, 
and XLVIII, heft i. 8® Berlin, 1S96. The Society. 

Bombay.— Journal of the Bombay Branch of the Royal Asiatic Society, Vol. XIX, No. 

52. 8® Bombay, 1896. Thu Society. 

BoRJDBAUx.— A ctes dc la SocWlfi l.inneenne do Bordeaux. S<Jric V, Tome VIL 8® 
Bordeaux, 1894. The Society. 

Boston,— Proceedings of the Boston Society of Natural History. Vol. XXVU, pages 
1—6. 8® Boston, i8f)6. The Soctktv 

Brussels.— Bulletin do la Socif<tt! Royalc Bcigo de Geographic. Anne<' XX, N(»s. 

8’ Bnisseh, iHot). The .Society, 

Budavest.— F uldtani Kuziony. Vol. XXIV, Nos. n-ta. 8" nudnp(“d, 1896. 

nUNuARIAN OfOUXHCM. INMTTUTK, 

„ jahrcsbericht der Kgl. IJng. Geol. An.st.alt fiir 189A. 8® Budapest, 1H96. 

The I,v.sTiTt/T8, 

Caen,— Memoiresdo la Socidto Linnccnne de Norinandio, Vol. XVIII, fasc, 2*3, 4® 
Caen, i89S‘ Society. 

Calcutta,— Imperial Institute Series. Handbooks on Iron, Coal and Mica. 
8® Calcutta, 1892—1893. 

Reporter on Economic Products to tub Government op India, 
„ Annals of the Royal Botanic* Garden. Vol. V, part 2, and VI, parts x 
and 7. 4* Calcutta, 1896. Royal Botanic Garden. 

„ General Report on the Operations of iho Survey of India Department 

during i894>95. Fisc. Calcutta, 1896. 

Survey ov India Dkpaktment. 

„ Spirit 4 ovolIed heights in Calcutta j and No. 0, Orissa and the Northern 
Circars, season 1894*95. (2 copies each). 8® Dohra Dun, 1896. 

Survey op India Department, 
„ Survey of India Department Notes for June to August 1896. Fisc. 

Calcutta, 1896. Survey op India Department, 

„ foumal of the Asiatic Society of Bengal. Vol. LXV* part 1 , No. a, part 
11, No. 2, and part III, 8® Calcutta, 1896. Taa Society. 


34 



PART 4.] 


Additions to the Library, 


99 


99 


»9 


Tales of Booki, Donors, 

Calcutta. — Proceedings of the Asiatic Society of Bengal. Nos. 2 — 6. 8" Calcutta, 
1896. The Society. 

Minutes of the University of Calcutta for 1895-96. 8° Calcutta, 1S96. 

The University. 

Proceedings and Journal of the Agricultural and Horticultural Society of 
India. Vol. X. 8' Calcutta, 1896. The Society. 

Geological Survey of India Department. Quarterly Notes, No. 3. Fisc. 

Calcutta, 1896. Geological Survey of India. 

Records of the Geological Survey of India. \'ol. XXIX, part 3. 8’ 
Calcutta, 1896. Geological Survey of India. 

„ Report of the Inspection of Mines in India for the year ending 30th June 
1895. Fisc. Calcutta, 1896. Geological Survey of India. 

Cambridge. — Annual Report of the Library Syndicate for 1895. 4* Cambridge, 1896. 

' The University. 

„ Thirtieth Annual Report of the Museums and Lecture Rooms Syndicate, 
1895. 4° Cambridge, 1896. The Museum. 

Cambridge, Mass. — Bulletin of the Museum of Comparative Zoology. Vol. XXIX, 
Nos. 3—6. 8° Cambridge, Mass., , 1896, The Museum. 

Colombo. — ^Journal of the Ce}Ion Branch of the Royal Asiatic Society. Vol. XIV, 
No. 46 ; and Index to Vols. I— XL 8® Colombo, 1895—1896. ■ 
Copenhagen. — Memoires de TAcaddraie Royale des Sciences et des Lettres de Dane- 
mark. Tome Vlll, No. 2. 4® Kjobenhavn, 1896. 

The Academy. 

,1 Oversigt over det Kongelige Danske Videnskabernes Selskabs 

Forhandlingar. No. 3. 8° Kobenhavn, 1896. The Academy. 
Dresden. — Fuhrer durch das Kgl. Mineralogisch-Geologische und Praehistorische 
Museum zu Dresden. 8° Dresden, 1887. The Museum. 

Dublin,— List of Members of the Royal Irish Academy, 1896. 8" Dublin, 1896. 

The Academy. 

Proceedings of the Royal Irish Academy. 3rd series, Vol, III, No. 5. 8° 
Dublin, 1896. The Academy. 

Transactions of the Royal Irish Academy. Vol. XXX, parts 18— ao. 4® 
Dublin, 1896. The Academy. 

Scientific Proceedings of the Royal Dublin Society. Vol, VIII, parts 3-4. 
8® Dublin, 1896. The Society. 

Scientific Transactions of the Royal Dublin Society, and series, Vol. V, 
parts 5— 12 j and VI, part i, 4® Dublin, 1894—1896, 

The Society. 

Edinburgh.— Scottish Geographical Magazine, Vol, XII, Nos. 7-8. 8® Edinburgh, 
1896, The Society. 

Franefurt-a-Main.— Abhandlungen der Senckcnbergischen Naturforschenden Gesells- 
chaft. Band XXII, pp. 223—334. 4® Fiankfurt-a»Main, 1896. 
Glasgow,— Glasgow University Calender for ]896-«>97. 8® Glasgow, 1896. 

The University. 

Gottingen*— Nachrichten von der K. Gesells. der Wissens. zu Gottingen. Heft 
2. 8° Gottingen, 1896. « The Society. 
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KSnigsberg. — Schriflen der Phjsik.-Okonotn. Gesellschaft Jalirgang, XXXVI. 4° 
Konigsberg, 1896. The Society. 

LAUSAMNB.-^BulIetin dc la Soci^^ Vaudoise des Sciences Naturalies, Sdrie IV, Vot. 

XXXI, No. 119. 8° Lausanne, 1895. The Society. 

Leipzig. — Mittheilungen des Vereins fur Erdkunde zu Leipzig, 1895. Leipzig, 
1896. The Society. 

^ Wissenschaftliche Verdffentlichungen des Vereins fGr Erdkunde zu Leipzig. 

Band III, heft i. 8° Leipzig, i8g6. The Society. 

Liverpool.— Proceedings of the Liverpool Geological Society. Vol. VII, part?. 8® 
Liverpool, 1896. The Society. 

London.— Journal of the Chemical Society. Nos. 403—405. 8° London, 1896. 

„ General Index to the first twenty volumes of the Journal and Proceedings ot 
the Linnean Society. (Zoology). 8*^ London, 1896. 

The Society, 

Journal of the Linnean Society. Botany, Vol, XXX, No. an, and XXXI, 
Nos. 212 — 217 j and Zoology, Vol. XXV, Nos. 161 — 162. 8® London, 
i8g6. The Society. 

Proceedings of the Linnean Society. November 1894 to Juno 1895, 8® 
London, 1896, The Society. 

List of Fellows of the Linnean Society, 1895-96. 8® London, 1896. 

The Society. 

Transactions of the Linnean Society, and series, jBolany, Vol. IV, parts 
3-4, and V, parts a — ^4 j and Zoology, Vol. VI, parts 4-5. 8® 
London, 1896. The Society. 

Journal of the Society of Arts. Vol. XLIV, Nos. 2274—2285. 8® I.ontlon, 
i8tj6 . Tub Society. 

Proceedings of the Royal Institution of Great Britain. Vol, XIV, pari III, 
No. 89, 8® London, 1896. The Institution. 

Proceedings of the Royal Society. Vol. LIX, Nos. 355— 357, 8® London’ 
1896. The Society. 

Proceedings of the Zoological Society of London. Parts I— II, 8® London, 
189*5* * Tub Society. 

Quarterly Journal of the Geological Society. Vol. Lll, No. 207. 8® London, 
1896. Tub Society. 

The Geographical Journal. Vol. VIII, Nos. 1—3, 8® London, 1896. 

The Society. 

Lyon.— Archives du Musdum d*Hi8toice Naturallo dc Lyon. Tome VI. 4® Lyon, 
1895* Tub Mu.sbum. 

Madras.— Madras Joainal of Literature and Science for 1889—1894, 8® Madras, 1894. 

Tub Society. 

Madrid,— Bolelin de la Sociedad Geogrfitfica do Madrid. Tomo XXXVIII, Nos. 1—3. 

S^^Madrid, i8g6. Tkr Society. 

MAHonBSTSiu— TransacUons of the Manchester Geological Society. Vol. XXIV, 
parts 8-9, 8® Manchester, 1896. Thb Society. 

'Melbourne.— B epftttment of Mines, Victoria. Special Reports, 1896. Fisc. Melbourne, 
1896. * • Dbpartmest op Mimes, Victoria. 
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Tiius of Books. Donors. 

Mbibournb.— T ransactions of the Royal Society of Victoria, Voi, IV. 4° Melbourne, 
1895. The Society. 

Mexico.— Boletin del Istituto Geologico de Mexico. No. 3. 4“ Mexicd, 1896. 

The Institute. 

Milan. — Atti della Societa Italiana di Science Naturali. Vol. XXXVI, fasc. 2. 8" 
Milan, 1896. The Society, 

Munich. — Sitzungsberichte der Mathematlsch-physikalischen Classe der K. B. Aka- 
demie der Wissenschaften. Heft 1. 8° Mtinchen, 1896, The Acadbaiy. 
Naples.— Atii della Reale Accademia delle Scienze, Fisiche e Matematiche. S6rie II, 


Vol. VII. 4° Napoli, 1895. 


The Academy. 


„ Rendiconto della R. Accademia delle Scienze Fisiche e Matematiche. S4rie 
III, Vol. II, fasc, 5—7. 8’ Napoli, 1896. The Academy. 

Newcastle-upon-Tyne. — Transactions of the Federated Institution of Mining En- 
gineers, Vol. XI, part a, with title page and Index to 
Vol. X. 8° Newcastle-upon-Tyne, 1896. 

„ Transactions of the North of England Institute of Mining 

and Mechanical Engineers. Vol XLV, part 3. 8® New- 
castle-upon-Tyne, 1896. The Institute. 

New Yore. — Annals of the New York Academy of Sdences. Vol. VIII, Nos. 6—12. 

8® New York, 1895. The Academy. 

Paris. — Annales des Mines. S6rie 9““, Tome IX, livr. 3—6 8“ Paris, 1896, 

Department of Mines, Paris. 
Annuaire G^ologique Universel Revue de Geologie et Palfiontologie. Tome 
Xll. 8® Paris, 1896. The Editor. 

Bulletin de la Soci 6 t 4 de G^ographie. S&ie 7“*, Tome XVI, No. 4, and 
XVII, No. I. 8® Paris, 1896. ‘ The Society. 

Comptes Rendus de Seances de la Soci^t^ de Geograph ie. 1896, Nos. 10— 14, 
8° Paris, 1896. The Society. 

Bulletin de la Soci^t 4 G^ologique de France. S 4 rie 3“*, Tome XXIII, No. 8, 
and XXIV, Nos. 2—4. 8“ Paris, 1895-1896. The Society. 

Memoires de la Socidt6 G6ologique de France, Pal6ontologie. Tome VI, fasc. i* 
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4® Paris, 1896. 


The Society. 


99 


Ministere des Travaux Publics. Bulletin des Services de la Carte Giologique 
de la France et des Topographies Souterraines. Vol. VIl, No. 49, 
and VIII, Nos. 50— 52. 8" Paris, 1895-1896. The Ministry. 
Philadelphia. — Journal of the Franklin Institute. Vol. CXLL, No. 846 to CXLII, No. 

848. 8" Philadelphia, 1896. The Institute, 

Proceedings of the Academy of Natural Sciences. Part III. 8® 
Philadelphia, 1896. The Academy. 

Proceedings of the American Philosophical Society, VoL XXXIV, No. 
149. 8° Philadelphia, 1896. The Society. 

Pisa.— ‘Atti della Societa Toscana di Scienze Naturali. Process! Verbali. Vol. X, pages 
I— 120. 8® Pisa, 1895-1896. The Society. 

Rome.— A tti della R. Accademia dei Lined Rendiconto. Anno 293. 4® Roma, 1896. 

The Academy. 
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Titles of Books. Donors, 

Rome. — Atti della Reale Accademia del Lincet Rendiconti. S^rie V, Semestre I, Vol. V, 
fasc. 11-12 and S6rie V, Semestre II, Vol. V, fasc. i — ^3. 8® Roma, 

. 1896. The Academv, 

San Francisco.— Memoirs of the California Academy of Sciences. Vol. II, No. 5. 

4° San Francisco, 1896. The Academy. 

„ Proceedings of the California Academy of Sciences, 2nd scries, 

Vol. V, parts i-a. 8® San Francisco, 1896. The Academy. 
Springfield. — Bulletin of the Illinois State Museum of Natmal History, No. 10. 

8® Springfield, 1896. The Museum. 

Stockholm.— Kong. Svens. Vetens. Akad. Handlingar. pand XXVIl. 4® Stock- 
holm, 1896. The Academy. 

Ofversigt af K. Svenska Vetenskaps Akademions. Forhandlingar. 

Vol. LII. 8° Stockholm, 189'j. The Academy. 

Sveriges Geologiska Undersokning. Ser. A. Kartblad mod beskril- 
ningarj(a) i skal an 1:50,000. Nos. no— 113, with 4 folio atlases. 
Ser. B (b), Special Icartor med beskrifningar, No, 8. Scr. C. Nos. i, 
4» 5« 7 — ^4* 24 and 27, with 4® Atlas to No. i. Ser. C. Afhandlin- 
gar och upsatser. Nos. 13S— 159, with folio atlas to No. i.|0. 

Geological Survey, Sweden. 

St. Petersburg.— Bulletins du Comitii Geologique. Vol. XV, Nos. 1-2, and () — 9. 

8° St. Petersbourg, 1896. The Commission, 

„ Memoires du Comite Geologique. Vol. XllI, No. 2. 4° St. 

Petersbourg, 1894. Tin Commission. 

Stuttgart,— Jahreshefte dcs Vereins fur Vaterlandische Naturkundo m Wurttemburg. 
Jahrg. LII. 8° Stuttgart, 1896, 

Sydney.— Annual Report of the Department ol Mines and Agriculture, New South 
Wales, for 1895. Fisc. Sydney, 189O. 

Deft, op Mines, N. S. Wales, 

„ Proceedings of the Linnean Society of N. S* Wales, 31 d series, Vol, I, ji.irt 
1, and Supplement, part 2. 8" Sydney, 1H9O. Tuii Society, 

„ Report of the Trustees of the Australian Museum lor 1895, Fist*. .Sjdncy, 

The Museum. 

ToKio.— Mltthcilungcn dcr Dcutschen Gcsellschaft ffir Natur und Volk<Tkundts 
Obtasiens in Tokio. Band VI, Suppt. heft 3. 4® Tokio, 1M90. 

The Society, 

Toronto.— Transactions of the Canadian Institute. Vol. IV, part s. 8* Toronto, iSy.-), 

The iNSTiTurn, 

Turin.— Atti della R. Accademia delle Scienze di Torino. Vol. XXXI, Nos. 0— li. 

8“ Torino, 1896. The Acadi mv. 

„ Oaservazioni Meleorologichc Fattc nelPanno 1895 all observatorio della K. 

Universita di Torino, 8® Torino, 1896, The Academy. 

Venice.— Atti del R. Istitulo Veneto di Scienze, Lettro ed Arti, Soric 7”'', Tomo Lf V, 
disp. 7. 8® Venezia, 1896, The Institute, 

Vienna.— Mltthcilungcn der K. K. Geographischon Goscllschaft, Band XXXVIII. 8® 
Wien, 1896. Tub Society. 

„ Verhandlungen der K. K. Geologischen Reichsanstalt, Nos, 0—9. 8® Wien, 
1896. The Institute. 
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Titles of Books. Domra . 

Washington.— Bulletin of the U. S. National Museum. No. 48. 8° Washington, 
1895. The Museum. 

» Proceedings of the U, S. National Museum. Vol. XVII. 8° Wash- 
ington, 1894. The Museum. 

» Report of the United States National Museum under the direction of 

the Smithsonian Institution for the year ending 30th June 1893. 8° 

Washington, 1895. The Museum. 

u Smithsonian Contributions to Knowledge. No. 989. 8° Washington, 

1895. The Institute. 

„ United States Department of Agriculture. North American Fauna, 
No. II. S'* Washington, 1896. U, S. Dept, of Agriculture. 

Wellington,— Transactions and Proceedings of the New Zealand Institute, Vol. 

XXVIII, 8* Wellington, 1896. The Institute. 

ZOrich,— -Vierleljahrsschrift der Naturforschenden Gesellschaft. Band XLl, parts 
I-2, .8® Zurich, 1896. The Society. 


MAPS. 

Paris.— Mi nistere des Travaux Publics. Carte Geologique detaileo de la France 
FeuiUes de Cherbourg, Rennes, St. Jean d* Angely, Chateau-Gontier, 
Oann^, St. Jean de Maurienne et Bonneval. Avec Notices Expletive. 
Map, Pans, 1895.1896. The Ministry. 
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